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PREFACE. 


The present work is one of a series articles written, 
at the I'equest of the editors .of the Enc3rlop8edia Bri- 
tannioa, for publication in the new edition of that digest, 
wliore it accordingly first appeared in 1859. Being 
desirous of pxiblisliiug it in a separate form they have 
obligingly atforded the author an opportunity during 
the passing of the sheet-s thrbugh the press, of revising 
them, whicli he has so far availed himself of as to make 
some not very important corrections where they 
appeanxl to be netMled, and to insert some few 
luhlitioual notices or remarks — chiefly in the form 
of notos. Tlu*se are sufficiently distinguisheil, where 
lie y omir, from tlu^ original text, but are not such, 
.. it her iu number or importance, to destroy the identity 
of ilie Work with the original article. To writ^ 
pkte tretUke on Physical Geography though a noble^ 
wotjh! have been a most ardftous task, and one for 
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which the author, even had he time and facilities fo 
the undertaking, might well doubt his qualificatioi 
As a preparation for a more extended study of th 
original works of the great authorities'^on the subjed 
this volume will perhaps not be without its ntilitv 
Some of the views taken in it may possibly l>e cou 
sidered as having a claim to originality ; J^jji tiic di< 
cussion on the subject of the action of winds ii 
producing the ocean currents, though in elfe<?t only j 
dgfence of the received theory, will not pi*obably b( 
thought superfluous by those who may have had thei 
confidence in that theory shaken by the manner ii 
which it has of late been called in question. 

Tu^pelling the names of Indian mountains 

c 

and places, the system of Sir W. Jones, fuundetl <.»n tli 
Italian pronunciation, has been adhered to — the unaii 
donraent of which for our confused and |)ieeuri<'?i 
English orthography is deeply to be ina^mui 

as it goes to render oral communication on Imlian Mil 
jects between an Englishman and a foreigmd' lu \t t 
impossible. I regret, too, to be obliged to ddilr 1r n 
mo$t00[ our geologists in retaining tbe < tym<?h»gi«v 
spring of such words m meioeeiie, th 

lilW^Mc., not as a matter of mem |iedantry, but 
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it is growing into a practice lo pronooEce them as French 
wor(li4,^owing to the i^ia^on of the first letter of the 
( ; reek diphtho^^'. When a native, or otherwise anciently 
received name for a mountain, river, op lake in any part 
of the world, not absolutely cacophonous, exists on 
r<‘cord, it is systematically preferred to our recent 
or American nicknnmcs of the same object* 


(’oi.uxcwo<n>. April fl, 1861. 



KHiUTA 

82, line 7 ihun lM>ttoui,/ar k»t‘ m rea// i 
Pugo Ita, line lt,/orTrnmhoro rewl ToinU/m. 

Page <180, line 1 to 10, tbo laUor |K^rtion of ^ th»' h o I 

I’etroleara to the end, should Ijc marked a#ian in^.’rtivu iut , the ( 
text by being place<y»*!iM(’ei‘n bracketa | i. 

line 18 , /or l>aurian rW i biourian 
Page 5oi. line llj/^r Ikdai r^od 
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G EOGIkAPlTY, or a dejscrij^ion of the earth* may be 
considemi under several distinct points of vievii» 
luTi.visi tilted by the iiatnre of so extensive a subject; 
thn t- uf whicli, however, are M^ell distinguish^ from 
each other, and present it under aspects of priniaiy 
iiii|H»rtaiue, pmotioal and scientific. 

(Iw riilitkai considers the surfacer of our 

ulobc as parcelled out into states and empires, inhabited 
b> cciuiuunities and races of the groat human family, 
vari<nisly ajf(*t*ted by the different characters of soil and 
. liiuaic, b}' which their habits, manners, and occupations 
air- looililicd ; ami continually encroaching on each 
and altering Ilnur mutual boundaries by conquest 
or i'oloni/atiom This view of geography is therefore 
arbitrary and conventional, as weltVo ija^a 
perpetual staio of change from age to age. Commerce 
an<l Htatintics, ax>titudo for mili^aiy occupation or de- 
huice, facilities for internal and external communication* 
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and prodacts,available for human wants, form its chief 
subject-mattOT ; and cities and towns, the centres of 
population, power, and enlightenment, its most im- 
portant landmarks. 

(2.) Descript^e Geography, while it neglects the boun- 
daries of states, or uses them only for such convenience 
as they may afford for the subdivision of its subject, 
concerns itself principally ^lith the exact delineation, 
in charts, of th^ coast-lines of continents and islands, 
internal seas or lakes— *with the courses and embank- 
Qients of rivers, the configuration of the surface of the 
land, as consisting of mountains, valleys, and plains, 
whethgr delineated in charts by conventional shadinj:’ 
or marked out by level lines, or described in words. 
Its scope embB«e&, moreover, a particular and detailed 
account of their exteinal aspect, soil, scenerj, and ani- 
mal, vegetable, and mineral productions, which charar- 
terize and diversify each district; irrespective, (ir hut 
little respective, of their uses to man, or of their von- 
nection inter se, or of the causes which Imve ojKaaterl i., 
produce them. Of all these, it would be the biisin^*^- 
of a perfect “Descriptive Geography’' to exhrhit a fiu** 
and^ faithful ujeture, a sort of daguem,H>type, wit lion i 
no||gjp^omment. 

(3.) Such comment, or at least one of such conuu»*nr,^, 
it is the object of PKYSiOAt GEooUAjmy to ftipply. 
Taking for granted such knowledge as we [iossess of the 
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genfiial laws of physics, aad of the mode m which they 
are carried out into action, under ^ven circumstances of 
time and place; and basing itself on the detlail of par- 
ticular feature)^ afforded by the last-men^hed depart- 
ment of the general science — it calls attention to those 
Jaws as displayed in operation whenever, so to speak, 
they project in relief and stand forward as luminiferous 
ejcampl^ (in^ntias Ivei/tne) of the application of* theo- 
retical views on the great scale. Itsjum is to exhibit 
the heap of particulars gathered and stored up by de- 
scriptive geography, as constituting a harmonious whok, 
Itonnd t(^ether by mutual relations and interagencies, 
and subordinate to a great scheme of providential 
arrangement. And this it does, not by going over the 
items seriaH7n, and following up the oHfior of desc ription 
witli a running comment, but, by seizii^ on whatever is 
ilhistrativc at one point, and comparing it with what 
is similarly illustrative at another; by bringing into 
notice the, causes which either evidently are acting, or 
by rea-sonable implication must be presumed to have 
acted, to prixluce the more striking andtcharacteristic 
phtvuotni'na of such r^ons as otto w^thing rema^- 
ablc; and of sntih as do not, by shewing how this very 
monotony is itself the result of a prevalent ui^nja|ty 
.of causation; of which * rational account can be ren- 
dered,. and which it illustrates, no loss strikingly by 
the absence of stdient ^tures than the complioar 
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tions observaM® elsewhere do by their number and 
variety. 

(4.) With these general laws, with the principles 
which govern their application, and wilb the methods 
which science affords of deductively tracing out their 
application from the abstract enunciation of the laws* 
themselves, imder specified circumstances, to precise and 
intdligible results, the ph^sieal geographer must be 
conversant; so §ir at leasts that he must possess a 
familiar acquaintance with physical principles, and such 
an insight into their application as shall enable him to 
take on well-grounded 'firust the conclusions of others 
more advanced in such knowledge. For all such know- 
ledge in its detail, we must refer our readers to those 
works which treaf specifically of the several brandies 
of phyrics, appeal to which is involved in any pail ot 
our treatment of the subject. But some of its leadinj^ 
lioints require to be briefly recapitulated, as embodyini: 
tlie first elements and material mit of which, as wdl 
as exhibiting the ground-plan and general design n 
which, the whole sujierstructure has to bo luised. 

(5.) And fifst, then — ^from AsxiiONOMY wevltiarn liiat 
the figure of tl^is our e^h is nearly that of an iiblato 
ellipsoid'^bf revolution, having an equitorial diameter d 
7925'65 British statute miles, and a polai' one of 
such miles, or, neglecting the elliplicity, which mdy 
one 290th part of the mean of these diameters — nearly 
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that of a globe of equal bulk, whose dialheter (calculated 
so as to satisfy that condition), would be 7916*0 statute 
miles* Calculating on this datum, we find that its 
superficial arei^(sea and land both included) is about 
197 millions of igmre, and its solid contents about 260 
.thousand millions of eubus statute miles. Its average 
density, as collected from a mean of sevend independent 
determinations, differing’much less inter se than the 
evident difficulty of such an inquiry grould lead us to 
expect, may be taken at 5} times that of pure water, 
which is fully double that of the average material of tbe 
earths and rocks of which its snr&ce consists. And 
hence we may compute its absolute weight, which is 
about '>852 trillions (5852 x lO'^ of tons ; while at the 
same time w'e conclude either that tK? interior portions 
of it aro to some considerable extent metallic ; of, which 
is more probable, condensed by the immense pressure 
tiiey have to sustain, some conception of which may be 
fornuid from this — that if a channel, less than a square 
mill' in sectional area, were opened from the bottom or 
llii' sea to the centi'c of the earth, the whole oceau would 
How int6*it. — taking, that is to say, ?he increase of 
density of water (according to the expejiments of Per- 
kins) at (H74! per cent, for every additional lt)3 attno- 

* Kinivulunl to ISOS'I BritUh mUfieol miht, Uking the metrical 
inoli ftssme 500,(K)0,(i00tli part cf the ewth’e polar 
tlo. iiisa, p. 581.) 
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sj^eres of presstiT^ aad tuppomg ^ tarn ratio to hold 
^oi under all pnssum. This, of coius^ cannot be 
leaUy the case. One of two things must happen: either 
the water would be compressed into stSidity, or must 
be sustained £rom so doing by mi increased elasticity, 
the effect of an exceedingly high temperature. 

(6.) This, indeed, we have every reason to believe, 
really exists within the eartlS. Not only is it a general 
fact that the thesmometric temperature of the ground 
does increase in descending in all regions of the globe 
wherever deep mines have been sunk, or borings exe- 
cuted, at an average rate of ‘about T Fahr. for every 
90 feet,, of depth; and not only do the phenomena of 
volcanoes and hot springs indicate nnmistakeably tlte 
jtill further increase of heat beyond the reach of arti- 
ficial excavation, but the fact itself, that the mean 
density of the globe is so small as 5i, must be held 
conclusive evidence of an excessive internal temperature. 
It is not by solidifying that fluids can escape finm 
'further condensation. Solids, as well as fluids, are 
compressible) even the densest metals increase, in 
density by hammering; aad though the ratu’of com- 
pressibility of jnatter iq, the solid state is vastly smaller 
th^ in ‘the fluid, it is not conceivable that, under 
pressure of 300,000 aimoi^pheres, much that we usually 
look upon as very solid, substance would not be i-^dneerl 
to a small fraction of its bulk. Nor will it avail to look 
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to the support of the u}^r strata by^ the spherically 
vaulted form of the lower, so as to relieve the internal 
portions of their load. The lateral thrust, in an equi- 
librated arch hr vault, vastly exceeds the -wdi^ laid 
iqMn it ; so that nohow can the conclusion be evaded 
.tliat tlie internal portions of the earth, whetiher ^uid or 
solid, actually do sustain this almost inconceivable force, 
aud we can look to no power but the expansive force 
of heat which can counteract its condensing effect 
(7.) Whatever be the intensity of that heat, and 
whether the central portions of the globe be solid ar 
liukl there can be no doubt that the density of the 
materials of which it consists in proceeding downwards, 
must follow an increasing progression.* AsmoMomr, 
‘iO'oumling its conclusion on some obeSrved ftets ih the 
moon's motion, oriierwise inexplicably assures ^ts that^ 
as a matter of fact, it does so. This being the case in 

V ■ ■ 

tlu* a))sence of any cause to produce distatbance (and 
\\r can perceive none of power enough to act at 

i5o ai? to produce upward currents), the lower 
St l ilt a must preserve their level, and the Whole interior 

I . • 

* Vwfomr HocIio of Montpellier ina notn recently pnbliehM on tbe 
inw cif ih <3 variation of gravity in the ki^or of th^ earth, hae been led 
it) to the whole earth a mean denii^ tO times that 

!iH titiperficial strata, and a^eientral density fitiS times the lattc^e^r 
*irom tou to twelve times tiiiii of water at tiie surface). The mean 
flonsity he oonsidera tc eaist at a depti^ dT ^ut a quarter of the radius 
Mow tlie surface. ’ * 

t Huch as exceed 100 miles, Ibr Instance. 
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of tihe e$iih, conlidered on tiie great scale, must be in a 
state of absolute quiescency enough so at least, at all 
events, to prevent the central heat &om being carried to 
the surface by the material transfer of heifted and molten 
matter. Under such circumstances^ we learn from 
TflERMpncs that the escape of heat from ^the interior, « 
through the external shell of the earth out into the air, 
and free spac^ must be of most inconceivable slowness 
—so much so, that no appretiable share in producing or 
maintaining the warmth of the mrface^ can be attributed 
t# it^ and that the difference of climates and local tem- 
perature is the result entirely of external influences, 
which it belongs to Meteorology to develope. 

(8.) From the principles of Dynajhics, we learn that 
deviation of one 290th from exact sphericity in the 
earth^s figure, is a consequence of its rotation on its u.xis, 
and is essential to the maintenance of the eqnili]>rium 
of the ocean, so that a shifting of the axis would enuai 
the submergence of the existing land, but f rom the* sjmr 
source we leam that from natural causes (as Via v.{/ = 
us), no such stiii^ing ever can have taken place, .* u • v ^ x 
will; and this^deduction from theory is f:oul‘kii» d ]»v 
Astronomy, which shews that the latitudes of co 
by the most delicate observation, are 
lutdy invariable. Were the earth a sphei’o, this miglu. 
be dra^ into an argument against its inhOToI lluiriii) , 
since the%:sctemal shell, floating on an ocean of fluid, 
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might at first sight he supposed capablh of drifting at 
random from its relative place, vithout a displacement 
of the general axis of rotation. But (even were the con- 
clusion a valid'bne, which it is not), the rigidity of the 

# 

elliptic shell which can only fit the elliptic (though 
'fluid) supporting nucleus in one position^ will act as a 
retaining force, and prevent any, the silliest deviation ; 
since, to disturb the whole external shell on the whole 
internal fluid, would be in effect to change the figure of 
t)ie latter, and call into action fdl the antagonistic forces 
w^hicli resist such change. 

(9.) If then, as Geology assures us, the continents 
can l>c pro veil by uninistakeable evidence to haae been 
sulumnged, and the ocean-bed laid dry, not once only, 
hut n'lKaledly, nay, that the process is actually going on, 
tliough 4o\vly, under our eyes, we must look dSswhero 
tliitii to a change in the axis of rotation for the causes of 
hUfh a fact.* Yet more, we leam from dynamical prin- 
- ij'li s that, all the influ^ces exterior to the earth, by 
iiicli the waters of the sea are kept in agitation, act 
iliii.ie^h the interventaon of these waters Isu antagonism 
to the oxisttmee of the contments for tlte time being, 
atal {H.-tpetuAlIy tend to deg^e and deitrcy them, and 
to apnind their materia^ over the bed of tin sea, filUfig 

* * A i in ih« aiis of symmetncal %itr» xalglit, m doubt, pro* 

H fi dtttngo in tbo mia of ponttsuoikt rotation ^ but wo know of no 
^ nniH) in oction boving my ien^mey to prSdooe a ebaago o^i^mmotrioal 
form progrewivo, bowo w obwif , k OBO dfeoctlon. 
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1ji|«44il^ ««iw dnd liMA tsr its bed. 

&IWtD«l myiag ite locality 

^eom to MOWdit^ to l«wa vbich belong to the. 
domaia ei gedogieBl^ father than geognphi(^ science. 
WliBtierar bethe aataie and nMmate origin of that force, 
it is maaifasted if as in acdcni firom time to time in the 
volcano and the eartbqaakei which thus we learn to 
sfgard as very fhr ftom puidy destmotive arrangement.' 
in the great ecbame of aataie; since, without the agent \' 
of whifib tb^ are part and parcel, tbere would by tlii' 
time have been no dry land whatever. The fact that all 
out presmit couti&uts consist of beds or strata, which 
have lefnlted from the destruction of former one", und 
the distrihtttbm of their materials at the bottom oi the 


sea ; and of granitic masses foroibiy thrust up through 
those strata, disturbing and dislocating them ; le.-ub 
direct to the conclusion that, had the primeval uoiid 
been construeted as it now exists tame enough li.i' 
elapsed, and force enough, directed to that <nid; h«>( ii m 
activity, to have loi^ ago dsatrt^ed ever}' vestige .it 
Iqpd* but for r^roduotive efficacy these intcnml 
forces Ininging conttimaUy new lands to replace the. 
old. 


(10.) Hence^tboi, 'become to perceive that the actual 
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w lij) |l l M B ^ ^i?wili^^ IIH 

coiliigttntbw «l#ft; >i8i|| »f pii^ jl ji l i iii^ ^ (M < 
lisas of ont u^|%% m 

motmtam daig^ Ite warn «i sm draa ml the 
sosndi^ of oor oomk^m mi jmmMiy 
arranged intheo(m8tnid&naf-(m|b^ of 

^cceadvB asd oompks aotuma osf « fitnner state of 
things; that again, of wwiflar ad^ on aaother still 
more remote; and so <m t&I the orig^bsal. and really 
primev'al state is pushed allogetiier ogt of sight and 
beyond the reach even of imagination; whiles on the 
other Irnnd, a similar, and, so fim as «e can tee, an inters 
niiiKible vista is opened out the fiiture, by which 
tlio habitability of our planet is secured ami^ tiie 
total abolition on it of the presept tireatres of terrestrial 
lil'o. 

(1 1.) But the revelations of geolt^tb.not stop here. 
Tlioy assure tm, further, that in each of those snooessive 
.'submersions and reconstructions of the continents, fiesh 
( on-(‘s-})ondmg races of animals, and a new and ^erent 
clothing of vegetation have been introduce— ^the one 
[•crishing off as the others have omne into ezistenoe; 
nuy, tliat even the denitmns of tits ooean Itself hare had 
no exemption from this great, lay of (^snge— which, 
however, has not operated, eith» by a gr|y^y-^xigr^ 
aivo variation of spades, nor hya sudt^iiZHi to^ aboli- 
tion of^pno race; and introdnotimi of mm/k eidarely hew, 
but by a series of overlapjonge, leayiiig tits last portion 
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of 6ai^ in oo-dd8teao6 with the earlier members of the 
newer eeri^* Higher forms of being, moieorer, appear 
at eTet 7 stage of the process, up to the and culmin- 
ating point of hunumitj, and the existing order of 
tilings. And £j the indications afforded by the exhumed 
remains of these successive creation]^ the geologist finds 
himself enabled tb co-ordinate the successign of strata, 
and -to assign to each its qioch in the past history 
of the world, r 

♦ Hiii was written preTionl to tbe pnblication of Mr. Darwin's wtirk 

the Origin of Species, a work which, whatever its merit or ingenuity, 
we cannot, however, consider as haring disproved the view taken in the 
text. We can no more accept the principle of arbitrary and casual 
variaticn and natural selection as a sufficient account, per h, of the piut 
and present organic world, than we can receive the Laputan nit thoii of 
composing books (pushed a Voutrance) as a sufficient one of Shak.spcaie 
and the Frincipia. Equally in either case, an intelligence, guided by a 
purpose,'^ must be continually in action to bias the directions f4' thti 
steps of change— to regulate their amount— to limit tbeir divergence— 
and to continue them in a definite course. We do not l^elieve that Mr. 
Darwin meanq to deny the necessity of such intelligent direction. Jlut 
it does not, so far as we can see, enter into the formula of las hv \- . and 
without i^we are nnablo to conceive how the law can havfj h d t..» thr 
results. On the other hand, wo do not mean tO'deny tliat 'sueh 
gence may act according to a law (that is to say, on a pro('<inct i 
and definite plan). Such law, stated in words, would no otln r 
than the actnal observed law of organic succession ; or one more g*Mn ml, 
taking that form triien applied to our owit planet, and including all th<i 
links of the chela, which have disappeared. But the one law is u 
i&fy flopplement to the other, and ought* in all logtoal propriety, to fonn 
a part of its enunciation. Qrantiog this, and with some demur m to ilk? 
genesft of man, we are far disposed tb repudiate the viewrt^ken of 
this mysterious subject in Mr. ^Metvdu*n wm*k, {Neie Added 3 mi. 1861.) 
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(12.) From Meteokologt we learn tofiefet the great 
system of aquatic circulation, which transfers the waters 
of every one region of the ocean, in the course of time, 
to every other, to the action of our trade-winds, and 
their compensating currents, the anta-tasSes; themselves 
the results of solar action in combination with the 
earth 's rotation on its axis. By the' oceanic currents 
thus arising, the material carried down by rivers, or 
abraded by the action of the waves (incased in their 
i liiciency by the extent of sloping beach produced by the 
ri.se and fall of the tides), is carried off and dispersed* 
abroad, or, it may be, collected by subsidence in deep 
and comparatively motionless hollows, or in eddy^jcols. 
Thoix! are features in the outlines of our continents on 
file great scale which bear obvious reference to some 
such process. Thus, the excavation of the Gulf of Mexico 
ami tlie Caribbean Sea is an evident effect of the 
coutiinied and powerful action of the gulf stream, or 
raihor of the general set of the great South Atlantic 
(ainxmt on that pait of the American coast which issues 
tlumco at present in the concentrated form of the gulf 
stream, and* which, unless counteracted b;^ other causes, 
niust .sooner or later cut through the Isthnms of Darien, 
In so doing it would leave a chain of islands like tho^ 
whiclu oa a larger scale, serve to keep up an ideal con« 
m^ctioa of the continent of Asia with the great inass of 
Australia, Austrdia itsdf may thus be considered as 
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the eftme sort of soutitem appendage, past or 
fatue^ 'to the eastern part of the great Europo-Asiatic 
ccmtinent 'which AMca does to its western, and which 
South America does to Norrit Looking only at the 
land in great nuuses; regarding Africa as South Europe, 
and Australia as South Asia, we may still form a 
tolerably general concepthm of the distribution of land 
and. sea 1^ x^aiding the land as chiefly coUectcd 
in the noitherp, hemisphere in a mass which, but for 
the narrow interval of Behring’s Strait (not more than 
.40 miles across), would be continuous, and which sends 
down three great lobes into the southern, where they 
appeu as three projecting apexes pointing towanls 
the south pole, which tfiey approach by not very 
unequal degrees of remoteness, tmd surround at not 
very onequal intervals of longitude; much as the 
thumb and flrst two fingers of the band in the attenq't 
to grasp with them a globe of a conple of indies in 
diameter. 

(13.) But although the southern hemisphere, as ( mie 
pioed with.tbe.aorthem,is more aquatic, yet, if we wimhl 
divide tdm gtobe into two hemispheres, the one <>f whidi 
shall obn^n ^gteo^ quantity d* land, and the otia-i 
of watnr, it Iw cmt by a |flane perpendicidiu-— nut 

to the aris d to tie- 

difiiaefter paitping. sodh-west comer of 

E^ghiod. A cbait ef tiw two h^spheres projected on 
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the horizon of this point (or, which oooSes very nearly 
to the same thin^^ on the horizon of London) exhibits 
the one containuig all the great continental masses, 
except Australia and the small tqming extremity of 
South America, while, ilith these mroeptions, and those 
of the great islands of Snmatra, Borneo, and Xew Guinea 
the other is nearly all occupied by water. Ihe &ct is 
instructive, as it proves the force by whieli the conti- 
nents are sustained to be one of Inmfyiiim, inasmuch 
as it indicates a situation of thu centre of giavify of the 
total mass of the earth somewhat eccentric relatively to. 
that of the general figure of the external sur&ce — ^the 
eccentricity lying in the direction of onr antipodes^ and 
is thertfore a proof of the comparative ligbtness of the 
materhils of the terrestrial hemispl^re. 

(14.) As regards, then, the general configuration^jf the 
land and its distribution over the surface of the globe, 
in nderriug it to the causes above indicated, we have 
iloiu- all that is possible in the present state qjf geological 
know ledge. It must bo accepted as part and parcel of 
ilif arbitrary dala of our subject Jfot that* speculation 
lias been wauting as to the ultimate otigifi of that oOn- 
ligurutioii. Tlie globe has been Ufcmied to a great 
' lystul, formed by cooling from hmem—dto angles and 
edges cropping out from the general uphericsd surfisce 
—its gteat mountain chains,- aud^the deep eleftrof its 
sea-valleys to the corrugations on the iur&ceuf a molten 
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mass fermed it the act of setting, by crossing systems 
of crystallization. And more recently ♦ a suggestion 
has been put forth, attributing the forms of the con- 
tinents, not to any effect of crystallization, but to the 
contraction of dimension due tft the cooling of a homo- 
geneous fluid nucleus, modified by the resistance of the 
surface already solidified to a further change of dimen- 
sion.; in a word, to a crumpling or shrivelling of tlie 
exterior crust ^ing from the withdrawal of support 
from within. It is not easy, however, to sec (though 
,the author cited thinks otheiw^ise) how such a cause, 
acting on a homogeneous spheroid, equably invested in 
every^part, could result in an)1;hing other^than a further 
flattening inward of the already flattened polar portions, 
i.e.y in an increase of external elliptieity, or, in other 
words, in the production of an annular equatorial con- 
tinent — and to suppose an original difference of re- 

it* 

sistance (from which, no doubt, undulated forms, hnth 
of meridians and parallels might so arise) is only tn 
shift what is arbitrary in the assumption a stop farther 
away; since by properly assuming the law of rcfsisianee 
to flexure, any given form of crumpled suiiue might 
arise. AlthqRgh, it is certain tliat such u oeai.se, 
acting under any conditionsir must produce i^>7M pro- 
tnberance^ and, unde? fittix^ one^ pitKluc^o thoMt 

f 9^ la db la Tatm ’ Jenn 
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actually existing, we are still as far from a rational 
explanation of the ohseftoed forms on this, as on any 
other supposition. 

(1 5.) There are, however, local peculiajities in the out- 
lines of the land where the effect of causes nowin action 
is distinctly traceable, as we shall hereafter take occasion 
to shew when speaking of D^eltas, Sand-spits, and some 
other features of coast-lines, evidently ojigmating in tidal 
action combined with tliat *of currentSj^and, in one or 
t^^'(^ instances (as in the Spit of jJrabat) of mnds. There 
ail? other peculiarities alsp, of which no such account can 
he rendered, but which yet, being of frequent occurrence, 
w(.»uld seem to point to some general caifte, determening 
tho direction of those movements by which the rise of 
tlio land from the sea-bed has been effected. We allude 
to ilic very evident tendency of the outlines of cos^ts to 
run out int<^ ireninsular projections, having a meridional 
directi<ni, or a near approach to suah. Not to speak 
ol* the three great prolongations of the northern con- 
tiiifuts into the southern hemisphere, we may instance 
as easrs iu point the peninsula of Hindostah, and on a 
<inaller scliVe those of Cambodia and Carpentaria, the 
Malayan, Corc*an, and Kamsch^kSu peninsulas, and 
tlKtse of California andilorida. Nay, even. the morei 
eoittiuonUil masses of Greenland and Scandinavia 
eluding^w<^ien, Norway, and lapland) may be cited as 
‘ otning under this law. 
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(16.) 0/ the Atmsi^e . — ^We must refer our readers 
to vorks on Meteorology, wd more especially to an ai^cle 
in the Eni^cloptedia Britannica on that subject by the 
author of the j)re8mit volume, for an account of the 
nature and constitution of the atmosphere, and the 
gmiett^ lairs which regulate its movements, and tlie 
(drculation of heat and mojsture oj^ted by them over 
the 'surface of the globe. Ihe efijects of these mov^ 
ments, in prodheing tto modifications of climate prt‘- 
vailing in difibrent rb^ons, belong, however, to tlie 
proper this ^say, but must be deferred until 

we have brought the reader acquainted with tli>>st' 
featues in thetirangement of the land and water upon 
which ^ese modifications depend. There are, however, 
one or two points which it is right to mention here, ami 
first, as to the total mass of the atinosphere. It is stat< <1 
in the article referred to as being one 180,000,(HH)tli 
part of the total mass of the earth. This ret]uirt;s enr- 
rection; the true proportion is one 1,125,000th. TIk 
absoittte weight there set down (Ilf trillion.^ of poumK 
atroiidupms) i%however, correctly computed. .2dl>, \\ . 
have to regret tire omission of aU ment'iob iu liati 
rdf liei^efit Maury’s most valuable and irn[<o) 
Wind md Oimmt Charts and .HnUin'i 
f^hn/Moia. lleSthdr tlmse vtorH nor bis more 
ooa fB fito Ml^^rQfiagra^ of 8m, had tlx n 
zeMfeK^tie. ^iB^coiiqpdled,aswe8han h@?eid^ 
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ourselves, to dissent ixom several of tlfe p)iilowphical 
views put forwaid in the last-mentioned work, we do so 
with the most grateful recognition of the zeal and inde- 
fatigable industry he has exhibited in the collection and 
arrangement of a vast mass of facts, and the ability 
.and success with which he has been able to combine 
them for practical use. The TTt'nd Charts, now in process 
of publication by the Board of Trade, are founded 
entirely on the numerical data so colleqted and arranged, 
and will exhibit, on simple inspection, the prevalent 
wind, and its average deviations, both ip direction and 
intensity, for each quarter of the year, ih every area of 
) 0’ in longitude and latitude over every part of tjje sea, 
and in jwticular regiotts, where necessary, in closer 
detail. 

Of THE- Ska. 

'J7.) Extent, Mean Dtj^ enUn Content, and Mass of 
the — From a careful measurement of its extent, as 
laid down iu charts, it has been concluded that the dry 
land occupies about 49,800,000 square statute miles. 
This dtM'.s not include the recently-discovered ^;acts of 
land iu'the vicinity of the Poles, and dUowing fbr yet 
undiscovered land (which, however, ce|it. only eEist in 
small quantity), if we amipt 51 rniUiopji- to tbe land, 
. there will rem^ about 148 millfahs of {square miles for 
the axteut of surface occupied ocean. Its mean' 
depth cannot of course, be sti^: with any certainty. 
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lltrae lie phofom^a in the fonnation and prepress of 
the tide-wave^ and of ceitain other great nndnlatory 
movements, vrhich are incompatible vith an average 
depth xmder four or Sre miles. See sec. 80. Most of 
the soundings wldch ^ve been taken &r irom land, and 
in deep wjder, fall, however, far short of these limits;, 
but some have attained the higher of them, and there 

t 

axe njamerous instances where 20, 30, 40, and even 50 
thousand feet of J^e run out have failed to give distim t 
evidence of the bottom having been reached. A rnmn 
^epth of four miles may however be taken as one 
as likely to be beyond the truth as within it; the more 
so, asji great proportion of the vast area of the raeilio 
is so abundantly bestrewn with islands as to uutliorizti 
a reasonable suspicion that its average depth is less 
than that of the Atlantic, where islands are compara- 
tively rare, and of which the depth has bet'ii oscoiiiiirnd 
over no inconsiderable portion of its whole < .\tear. 
(Calculating on these data, we find for the total t-nlnv 
contents of the sea, 788 millions of cubic miles, and i\ >r it s 
mass or weight (taking the specific gravity of sf 
under a pressuife of two miles I’Ol^l) 3,27(1,660 laliion^ 
of tons,>or one l?8€tb paitof the total mass of tlu^ gloix . 

( 18 .) The most remarkable general fcatura which th* 
sea presents to the physical geographer is its 
With exception of the Caspian Sea, the little of*^\ral, 
and a fw other quite trifling salt-water lakes (trifling. 
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that h, in comparison with the whole aniount of •water), 
the ocean is one and nndiriid^ throwing its arms round 
the globe in such a way as to justify the notion and de- 
scription of it by the ancient tragedian, ** waca¥ 
gojsLtvof axoifikifltft ^u/Lotiu** Even the most closed and 
«the deepest indentations which it makes into the land — 
the Mediterranean and the Eed Sea— have deep water at 
their entrance, and a sufficient breadth of opening to 
admit a free communication with the general area, 

(19.) Compositwn of Sea Ifafen— The sea consists 
wholly of salt water; and it is this continuity of all its 
parts, conjoined with the system of circulation of its 
waters in cumnts, caused by the regular and pei^etual 
action of the winds, which ensures the uniformity, or 
near approach to uniformity, of its saltness in every part. 
As the .sea continually receives the drainage of# all the 
land, besides having, in the course of countless ages, 
washed ovia’ and over again the disintegrated materials 
of successive continents, it must of course hold in solution 
idi t]u‘ saline ingredients capable of being separated and 
tjiken u]) by such lixiviation in cold wafcet; in fact, in 
;4reater*or less quantity, every soluble substance in 
iialure— ^sucli, at least, whose existence in ejtremely 
solution are not incompatible. By fer the larger 
}»roportion, however, consists of chloridfe of sodium (com- 
moil salt), after which occur chlorides and sulphates of 
magnesia and lime in some considerable abundance. 



22 


PHYSICAL GEOOSAPHT. 


And in mnch dioie minute, but yet appretiable quantity, 
occur salts of potash and ammonia, the iodide and 
iKonude of sodium, carbonate of lime, ailica, and other 
matters too numerous to mention.* The sulphate and 
carbonate of lim^ and the silica, liowever minute the 
percentage of the two latter, are yet of vast importance, 
in the economy of animated nature, as famishing all the 
lime jmd silica out of whic& the shells of Mollusca, t]i<‘ 
structure of th^coial and other similar insects, and the 
shells and carapaces of Jhe siliceous infusoria, etc., aiv 
derived. But besides these saline and earthy ingiodients, 
metallic salts in excessively minute quantity have been 
shewn to exist in searwater. Thus, copper is present 
to such an extent, that clean and polished iron dragged 
in the wake of a ship, during even a short voyagt , lias 
been observed to come up with a film of that luetui jin - 
eipitated on iif Silver also is found in combination 
with the old and worn coppering of ships to h 
amount as to make it worth while to extract it. It hu- 
been oomputed from some analyses of such coj>per, coni- 
pai^ with the total dntoce run through by the 
and tlmlime lemaiiiing attached, tliat at lea.st 

* ibis diAt if piuifiog tbmgh our bsndii wo the d{.M.4> w > . 

a sIImH (eaMia) in the asbonil ivmtefn of KmUmmih uu* i 
MO dfltiUit, is mk vstor) sssossoed by Kirch« 

aad.Bbniitik 

t irh«th«r iron no m a m%bt Sfjl 

opapovUea (rftlup copper boitom. 
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millions of tons of silver are thus held in wlution In the 
whole ocean. 

(20.) -The mean specific gravity of sea water taken 
up at a small depth (a few feet) below the snr&ce (so as 
to be out of reach of the irfmediate influence of recent 
tain), reduced to 62^Fahi., 
uxpeiiment sheu^ to correspond to a Udal percentage of 
saline contents, irrespective of the diffsreime of. the 
ingredients, of about 3|fi0^ so that it*is incorrect to 
state, as some have done^ that the saline contents do not 
add to the bulk. Ihiti of course is to be understood of 
\yater taken up in open sea, out of reach of the influence 
of rivers, icebergs, etc., which produce local variation to 
whiclr we sliall presently recur.. Beyond such influences, 
Itowever, there are meteorological causes in action 
which produce a perceptible deviation, dependent on 
gcograpliical situation, from the exact average. ^Thus,' 
in those ]x>r^on8 of the ocean, on erthw side cX. the 
i‘i|nator, swept by the tiade-wintU, «qiecia% tovEids 
tlicir uorthern and southern Ihnits, the aattness of the 
surface water may be expected, to ;bc!k '^i is in dact 
found, somewhat in exeoM of wi^f^ prei^lBI 4silher on 
the «^(jnutoron tite,0De hs^ on 

thootto. 

<Kificient both in heat mid niois^ (IfBTEfmotocnr, En* 
proginsa towards the e^ustosr, while thsfn^nm fittie or 
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none of the firesh water so taken np, in the form of rain^ 
till their arrivd at and near the equator itseE There, 
however, they at once precipitate a large proportion of the 
water so absorbed, a process which, being in constant ope- 
ration, must in some degree freshen the surface. Thus, 
Captain in his South America| Survey in 1829-30, 
found the maxima of specie gravity in the Atlantic to 
occur in latitudes 27® N. and 20"* the mean result for 
both being 1*02808 at 62® . F.^ while in the equatorial 
region, from 5® N. to S., the mean of his results is 
. only 1 *02723. Euschenberger and Porter, as repoiled by 
Maury, found the Atlantic maxima in 17® X. and 17^ 8., 
andin 20® N. and 17® S., respectively. The mean of all 
gives 18® N. and S. So also, in the Pacific, Captain 
Beechy, in his survey of Behring^s Straits in the Blosscau 
(1820'-8), found the maxima to occur in Iatitu<les 22® X. 
and 20® S., their mean being 1*02937 (reduced to (i2 
that of the equatorial zone being l*02791.j{ On the otlr r 
hand, beyond these limits in the ultra-tropical iv-iun-, 
where the anti-trade winds pr^jvail, the whole of tle ii 
residual moisture is discharged in min or snow, ulah^ 
at the same time, owing to the habitually*l6\vcr ttMu- 
peraiure of tliese regions, evajx)ration from the sra 
jiurface is very much diminished. And, aecordijigly, 
the results of both Sling and Beechy indicate a slight 

♦ 0s|ita!n Beeeby's rm^U (whm r&dumi hy him) are given for 
e0», aiKd 1 ^ corrected OOOSO to bring tbem to 
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though very perceptible pn^iessire cLoinutkia of 
specific gtaviiy in proceeding towards either pole — the 
mean of Captain Beechy’s results between and 60° 
of both north and south latitudes in the Pacific giving 
1-02580, and those of Captain Fing, m the corres- 
ponding region of the South Atlantic, 1-02551 — results 
on the whole in excellent accordance with each other, 
and which leave no room for doubt as to the general, fact 
in .question. 

(21,^|4t thp mouths of gre^t rivers*the sea. is often 
superhcially freshened to a considerable distance from 
shore. This is the case with the Amazon Eiver to such 
ail extent, that fresh water may be taken up from the sea 
surface wlieu out of sight of land, and the sea itself is 
rendered sensibly less saline at two or three hundred 
miles fixun its mouth. At the time of the inundations 
the Nile also, the water is perceptibly freshened out 
of sight of land. 

(22.)#Jn llii! Euxine, and still more in th^Bea of Azof, 
tin* supply of fi-esli water, from the rivers feeding them, 
is greater than their -waste by evaporatiop, and ^their 
communication with the Mediterranean being restricted 
1>y the long and narrow channels of the i^sphorus and 
tho Dardanelles, out of which a current always sets in 
calm weather, they have become materially besher tiuoi 
the gepeml average. The Euxine water bes a (^ecifio 
gravity of 1-O14ii0 ; and the Stei ($f Aso( which is sbalr 

0 
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Iqw, aad of 8]taajl extent, and receives a considerable 
liver (the lHm)> probably less. So also in the Baltic, 
vUch is a sh^ow sea conunnnicatdng with the main 
ocean by a shidlow and obstnicted channel, the specific 
gtayUy iwes icam KKMTfi at Tnnabei^ to 1*020437 off 
the Soaw R>in^ at tlte entrance of the Cattcgat — [Thom- 
son], 

(23.) With respect to t£e Mediterranean, it has been 
held, on the authority of Halley, that i|n evaporation, is 

and that» therefore, it most be increasing in saltness by 
the ccmtinnal indraught of sea water from the Atlantic, 
unless relieved (as has also been supposed) by an under- 
corrent of salter and heavier water flowing outwards. 
This opinion has recently been called in question by an 
auUupty entitled to every respect; but from the be>t 
consideration we have been able to give the subject, wi: 
feel compelled to acquiesce in Halley’s conclusion. 
few words will suffice to explain the grounds of our 
conviction on this point. The total area of the Mediter- 
ranean, Bttfine, and Azof seas^ amounts to 1,150, OOU 
square miles^ and. suy be rinded nearly. enough for 
the pnzpose o| sqdb acahmlatiOB^ as teavemed medially 
by the isotherni of Hlpf, this is the mean tempera- 
dtay at winch, fbr that month, the 

d Hotfatd assign an average evap^'ration 
continued ovw the yew, would 
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give 49*33 inches. Dalton’s determination for livferpool 
for the same montii is 5*11 in, correspon^big to 61*^ 
in. per airnmn. The observed annnal evaponrtion *at 
Marseilles exceeds 86 Paris indtes i 446). So 

that we shall he quite within limits in taking 60 indies 
per annum as the aven^ evaporation over the whole 
surface in question. As re^ods the quantitjr restored 
by rain, Palermo,* as an insular station, well situated 
about the middle breadth of the Mediterranean, gives 
22*3 in. for the fall of rain, which may be taken as the 
average supply from that source, leaving 27*7 in, or in 
round numbers, 28 in. for the excess of evaporation. 
This, computed as extending over the whole area, gjyas 
.jOS cubic miles of fiesh water annually abstracted. * 
(24.) The Nile delivers into the sea 101,000 cubic feet 
of water per second (Talabot) on the average of the 
wliole year, which gives an annnal contribution of fresh 
water from this river alone = 21*653 cubic miles. So 
that, even on the extravagant supposition that each of 
the other principal rivmn (the Danube^ Dnieper, Don, 
Hhonc, Dniester, Ebro, and Po) contribute as much as 
the Nile, we should still have oni^ TTS ctibie miles of 
river supply, leavmg 336 to be fruenished from the 
Atlantia 

. (25.) Ip point of frnt, the cunnit ivliidit Beta in at the 

* A m«M of obvn «t {mbto (qritaaittaf tbs vbob of tho 

MeditttrMWoo, u npocMd'by iMroI ifTOSSBiNf feu^ 



PHTSICAli GSOGBAPHt. 


Straitt (esrtiinated by Admiial Smyth* as 4 miles in 
breadth, with an average vdocify of SJ miles per hour) 
would cany in, supposing it to extend 30 fathoms only 
in depth, 298^ cubic miles per annum, of which it is 
therefore past a doubt that at least 2000 must flow out 
again in the form of an under-current (no r^ular lateral 
return currents being observed to exist). This enor- 
mous interchange of water is sufficient perfectly to 
account for the observed fact that the Mediterranean is 
not sensibly salter than the ocean, and not materially 
so at great depths than at the surface, though, on ar- 
ranging the results recorded by the last-named eminent 
hy^ographer in groups according to depth, a ver>' 
perceptible increase is apparent. Thus we find (setting 
apart the last result as anomalous, and as a case in 
which, by bare possibility, a submarine brine spring 
may have been struck upon) — 

At d«ptti0 tnm Spe<Me Qw/ltj, ih 

Oto Sfiithoms 1'0372 ^ oWrvatuu!^. 

34 „ 60 „ 10386 4 

250 „ 460 „ J-029T 3 

«70 „ 1-1288?? I 


( 26 .) I!h(B diqtiq^ortaOQ l^etweea evaporatiun umi 

its maxhautu in the IM 
j^ whete nla-iKMSooli' ever fitlls, into which no rivtas 
.end ihniwigfaottt irltoie whole ext^ an exceesivo 
tenogpentun alwqrs prevails. Tbe eyi^mtitm has been 
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computed at 165 cubic miles per aimum, so that t>ut foi 
an interchange of water with the Persian' Gu^ sunQai 
to that which takes place between the Mediterranean 
and the Atlantic, only more intense, it c^d not fiul to 
be speedily reduced to the condition of an almost 
saturated brine. 

(27.) In several places in^the Mediterranean, springs 
of fresh water, nay, even subterraneous rivers, well up 
to the surface ficom considerable depths. Many such 
are enumerated by Admiral fSmyth; but the most 
remarkable is An^volo, in t he Sin us Ai^licus, between 
Kiveri and Astros, where a body of fresh water fifty 
feet in diameter rises with such force at a quarter s^a 
mile from the shore, as to produce a visible convexitj’ 
of surface, and to disturb the sea for several hundred 
fe(it round. — (Leake, Travds in the Mona, ii. 480/. In 
till' Gulf of Xagua, south-west of the Port of Batabano, 
on the .south coast of Cuba, a similar instance occurs 
(Humboldt, p. 233), and others ate said to exist 

in the Pacific, among the Sandwicl^ Islands. 

(28.) In the Polar Seas, too, tfame are extdisLve i^ons 
where large' accretions of fr«ih from snbwpr ghdets 
melting in summer, render the; oompcrar 

lively fresh. But these are too0lri||(!l^ to^ 

t he general &et to need moie | nnti^ 

(29.) lheMbwingi89v«il9^1ii;fiegiumlt(()M^ 
193) as a mMs ^ d sea 
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Uoder the head of *^|DaB* ina 3 r be comioiBed tiie various 
ingndienfBv^riob ei| 3 l|j|n too «naU quaUdiy for distinct 
sqpmtion, except m,q;ier8tioB8 ctmducted ^ a veiy 
large scale. \ 


Wftter . . , 

fCMuideof Soditim 
H Hagneniiim 

„ ^Potainiim 
I fiy^bdtaofllinci 

„ Magneaia . 

I Carlioiuite of Idiae 
Bromide of Hagneriiun 
Lou (inclodiiig Iodides, Silicft, etc.) 


Saline ingredienik 
a.5«5. 

* 


96-470 

2-700 

0-360 

0-070 

0-140 

0-230 

0003 

0-002 

0*025 


lOOOfK) 


"(30.) Colom cmd Pho^horeseenee of the Sea, — ^The sea 
is ixalj pmelj blue in the open ocean, or in very deej) 
watei^ out of the foulhig influence of rivers, the washing' 
of coaste, or such euno^ as drift along mud and lin- 
puri&a When clear of all ipeh causes of discoloration, 
a white olgect^ as a plate thrown overboard, is seen to 
beooine bluer and bluer as it sinka The light illumi- 
nai^ ip bay of j^aples, which 

is &om rei^on at the bottom of tin^ 

and which has Ipvpsed many yards ^sea-waU i, 
is^ blaes^^ffUb is mmm to the sea and 
i;^||pio£ptnwte^ IhfhaldJilelilQeof 

blue colour 
at a few jr&rOs in 
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It ^ hardly be contended <3ieie instaneeflfthe 
colour is oving either to sal^ sri^sh k initited on by 
some as the cause of the cokmr of the doeao, orj^by 
cuprate of ammonia, whidi, on the sbed^ Of the dis- 
covery of copper in sea water, hal^xeoenlly been sug- 
gested The intense blue colour of tiie Bhone, wherei 
it issues ffom the Lake of €teneva (for suipassii^ that 
of the bluest sea), is alone sufScieOt to negative ‘both 
these explanations. like the blue oolomr of the sky, the 
explanation is yet to seek, unless we are oonteid; with the 
very simple, but somewhat doubtful one, that in both. 
cas«t it is an absorptive colour proper to either element] 
( 31 .) In this viejr of the mbjeet, whatever tfm s^a is 
othenvise than fully and pni^ bluei, we may be sure 
It is by reason of solid matter hdd m sutspmsim. In 
many instances this is obviously the case./ Hie surface 
water kith in the Inditti and Pacifie Oceans is foe- 
({uoDtly coloured in patches as far as tfie eye can reach, 
of red, brown, or white, tha water of which, when taken 
up and carefully examined, is fouml to be foil of ib;- 
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unknown leni^ so fiiU of minute (and some not veiy 
minute) phospkoieiBDent' animal oiganisms, as to present 
tibemspeot (at nigkt) of a boundless plain covered with 
snow. Some\f these animals were '‘serpents” of six 
indies in length, of transparent gelatinons consistency, 
and ve^ lununons. Such tracts by daylight appear 
white, not by reason of light emitted from the insects, 
but 6f the sun’s light reflected by their filmy and all 
but aqueous snbstanoe. (fionf. Buisi^ Naut. Mag. 1854.) 


(32.) 2!^ Ocnm is a phenomenon 

which strikes all who witness it with wonder and admi- 
ration. It prevails largely throng the whole extent of 



— some soft and gelatinous, some 
minute dnstacea, etc, of the genera Cancer and others. 
i»ostly'.^hine when by a, blow , or by ^ ta- 

nf wslwr. as when aitfidi darts along, or oar 
dashet, or in the trake of a diip as the water closes on 
its track. In the latter case are often seen what apirear 
to be large laihpa of light rising from rmder the keel, 
and floatii^* cnt*^, ^ snr&ct^ apparently of many 
indies in diam^. we have nevm: sdciceeded in 

catdu% we jeel assumd^ t^ have seen them 

eidcf the n^ (c| J^iSin^ patent lace) dragged along for 
tite^ hh 1^ must have emanated from a 

erwdl^ SB^ to escd>n tto%h the ineshes. 

(hte of indd raum^ahle d diese luminous crestuies 
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is a species of pyrosoma, a tough carUlaginous^bag or 
muff-shaped body, of more t^u au inch in length, 
which, when thrown down on decjc, bursts .into, a glow 
so strong as to appear like a lump of whji!^ hot iron. 

(33.) One of the most, curious phases of phosphores- 
•cence which we have witnessed (and which we have not 
met with elsewhere describad) is the appearance on the 
surface of calm or but little agitated water, of lunrinous 
spaces of several square feet in area, diiMrig JUfully^ arid 
hmvded hy rectilhieary or mwrl^ reetUinsar^ otUlines^ pre- 
senting angular forms, across which the light flashes as 
if propagated rapidly along the surface.* 

(34?.) Depth mtd Form of (he Bottom of (he Sear^t 
the average depth of the ocean we have already spoken. 
Of particular districts in the great ocean, nothing very 
distinct can be stated, except in respect of the TNbrth 
Atlantic, or the Atlantje basin, in which soundings 
oiiough have been obtained to enable something like a 
rude chart of level lines to be constructed, and of which 
a summaiy account may be stated as follows. We shall 
suppose level lines corresponding to deaths of 1000, 
2000, SOOb, 4000, and 5000 &thpn^ laic^dpwn, 
which wiU therefore trace out^l^^ 

* t'rUts must not be oonfoonM wiib iw ipj^rexL% j 

esoent filin, which floete on the eurfiioe in origliiatee 

in the 4eoompo«itioa of Reb or oiiiir The 

pbi^hofeioenoe of ft Ibbsying kbs^ ii fttlildttf 
to perhftpe mfty be doe to wiiBfilft 
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linet oonl^Qi^ lilpliAmd^ were tiw sea to sink in 
lev«l» aneoMsNIlf Ibefirat 

tiiieM'liles 03>&t of 1066 fikftoms) ^meqxmds pietty 
doad^ ^ te^menil tom 'iriiSi the existing coast line, 
or xtiQM trith vhat tiiat ' (tost liim woold be, sapposing 
on the American side the Catibbiban Sea and the Gulf of* 
Medco filled in, so asin cany tibe continent ont to the 
extreme togB ^ Bahamas and Caribbee Islands; 
and snpposing'the inegiilarities of the North American 
coast smoothed off by dhryii^ ont the coast line clear 
'round Nova Scotia, to indade Newfoundland with the 
Great Bank; and sni^KWiDg, <ni' di6 European and 
jfiffieanside^the Bay of Kscayand Gie British and Irish 
Chaimto elso filled in. itoa the coast lines so arising, 
the fird level line in question hardly anywhere deviates 
nmte than 120 geogie^iiCal miles (60 to the degree). 
N<n does it i^pear that the sea line so altered would 
give rise to any c<p(idei«ble netr masses of land, but 
on^ 'a Vmy modtote extension d the Azores, and u 
vCiy tie d Canaries, and tho 


|j|40l)6 toiams along the 

O(atlmeof the Euro- 
ftkhif in the CWty and 


» 1 » < T * Jt i ! 5 'iW. * ^ H 


► • 1 »Tt TT» i f 1 


pMNmtt eoaa^ exeeid in tiie 
tot diagto to it 
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along the Eaiopean thsh On the 

western side this leysl 

northwards, accompohi^;:tii^’^ (jppi0diii^«S:i^Te) 
for the most part oonadcitBbl^iSii^ of 

distance as on the eastern (the descent hehig most pre- 
.cipitons at the edge' of: ^ Caribbean Sea), tmtil we 
reach a point about lat 4S‘JN', 4^ W^* whese it 

quits the neighbourhood of the exii^aiig, ooasti^ and 
suddenly turns southwards, mdjdng m n meriditmal 
direction for 16° of ladtude, and fonnii^ so much of the 
western boundary of a great sulnnaiine table-land which 
i^Ls nearly the whole bed of the northern part of the 
Atlantic basin, and which, if laid dry, the peak of t^lb 
Azores would be the culminating point Were that ttte 
case, we should see a lobe of land (f(dkn(dn|^ singularly 
enough, the general tandi^acy <d con^utatigon pointed out 
in art 15), not very rntlSm Italy in fam^ artenidii^ south- 
ward to the tropic of Oincer, dhannel of sea of 

alwut 500 miles broad between it aodths eastern conti- 
nent, and connected at its scytlhirotltm aaEtMni% with a 
groat triangular masa^ lUbi hjl disH^thro-'lldes of 
the triangfe haviiq; n (tOlitlS|||,j|||)|l|wlSli ]^«Mnt 

outhne of the Aii «ii<ia» s 

channel of abont m that 

side,^ aeparattiK It 

(Bd) It isihis sah^nsj^ irt;|hiitaw vhidt 
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for the oomiwiii^tion between the old and 
new worlds appean hs if provided to leceive the lines 
of telegi^hio wdre which w#iae day bring America 
into intellet^ml contact with Europe.* irinn Gape 
Bace^ m Newfoundland, h> Gape dear, in Ireland, it 
has been ascertained to form a conrinuous platform of 
nearly 400 miles in breadth, at the depth of about 2000 
&thom% which has been sounded and surveyed for that 
purpose. Its sn&ce is covered with broken shells of 
foraminated and diatomic organisms, among which the 
cable might find secure lodgement, and in all probability 
become ultimately incrusted and imbedded in their mass. 
«»».(87.) Were the Atlantic to sink another thousand 
fathoms (to the 3000 fathoms level line), the whole of the 
£urq>ean and African side of its bed would be laid diy-. 
The table-land qioken of would form an extension of the 
European continmii Ute Bri^h Mands, and the nortli 
of Itope, wonld become united With the Labrador coast, 
and notoing would temaiu of the ocecm but a compara- 
tively' umsow qluimel, fcUgwing at no great dLslaute 
the present line of the Ameriesn continent — reduced to 
very triender dimenstotm e^ tbe^^ end thence 
ofllbiiilg out into w or g^ salt lake, occupying 
t^3jgp4 thq’ ^ lie United States, and 

ektwidHrg betweea Bettnuda and %e S(»dhem edge of 
the . NewtoundUnd. The cchheal and de^st 
'''« liiQ tiiii4; h<loit«t'^ (itag. less.) 



TEX sea: ns depth. 


37 


part of this lake would seem to he ft long valle;|r/uiuung 
nearly east and west from ftbout IS* longi- 

tude, along which ft def^ of from to 30^000 feet 
at present exists. 

(38.) By the first st^ in the subsidence ot the oeean 
we have been supposing; the Baltic would be laid dry 
— its depth nowhere exceeding 1100 feet — as would also 
the German Ocean, the British and Irish ChannelQ, and 
the Bay of Biscay ; but the Meditenancin would remain 
as a great salt lake, a bar extending across the Out of 
Gibraltar, at about 900 feet in depth, inside of which 
the water deepens so rapidly, tiiat between Gibraltar 
and Ceuta, where the breadth of the channel does nst 

t 

exceed 12 miles, the depth is already 0*000 feet; 90 
miles east of Malta, we find a depth of 15,000 ; between 
Rhodes and Alexandria, 9900 ; and between the*latter 
place and Gandia, 10,20j^ ; so that the next step in our 
ich'ul descent of the general . aw level Would lay the 
whole bed of the Mediterranean dry. We see tlw% that 
the Mediterranean fills an immensely deep midcomparar 
tiv(dy a precipitous (hasmi which; would«almoto, seem 
to luvve been the ^et^ of sdbsiditoce towards Urn south, 
contemporaneous with ' imd' cefi^^fm <ito..np- 

heaval of the great lina^^ tocntotstoim 
4 long the wiu^ etBtmt of south 

great From Bar^n we Iwn that 



HtmOAL GSOCOUm. 


over veiy ^ztonuve imete of tiie aoitheni coast of East 
Sibeiia Iko aratet dhaildace' gradually, that at upwards of 
ISO ndlas fiepaa laad the dspOiia (Oi!^ fcrarteeu 

thesorthem coast 

of djaadoa, with its lah^piiiith ef idanda^ and tortuous 
c hannels , i^Bads a rimilar indication. In the axis of 
Baffin's Bay, however, a ffiw^days' sail ftom Knskemaes, 
in Greenland, Sane found 1900 fathoms. 

{40.) Of tiieJPacific^ too little is known to afford any 
ground for forming even; the most general notion of the 
form of the level lines of its bottom. The islands 


scattered over it spring up, for, the most part, from 
vsjy deep wster, and soundings are said to have been 
ofatwned of earnmous depth, evwi greater than five 
miles tDie dbqiest recorded hj Malny was obtaine<l 
lieutenant Btooike (with a de^psea Bounding appa- 
ratus of peculiar and simple Maa^Mc&on, bringing vp 
fpvmm gf ffie bmni), is SO* 168“ 18' E, k 
2T0O fothoms The greater inteiest tbmefore attack 
to estimate of its svoiga dipfik in the section acni.v^ 
its iiresdiii jShii()}% ia tTapa% to Stui 


F«KiK!iae(v,& <€sli&«tdis.J^ panHel of Hi’ N. 

vf attpmn- 
p. 346), frt.iii 

' ^ 'dejwrded ,i^ ol 

■ fo^ifit***** ^ the gnat sravas^of 

DaciSSffilt SBk-lWki cffiised hy the terrible eatf^ualce 
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which lavaged Japan on that Sevetal oi these 
waves weie piopagahtd all acsrow 
recoiled on the seV-ieguMng gni^, dt San 
Di^ and San Eratnsisooi pn ^e Cl^difo^ eoast. A 
comparison of the obs^ved tiansa of artiyal so lecotded, 
with the times at which the waves took pJace in JapaOt 
leads to the conclnaion that a wave 217 miles in breadth 
can be propagated across the interval in question (4627 
miles) at an average rate of 6^1 par, minute fn>m 
which, by the theory of wave% Bmfessor Bache con- 
cludes a mean depth of 2365 fs^ms, or 14,120 feet 

(41.) In the “CffltaJ. Sea,” 13 S, 162 E, a depth of 
2150 fathoms, with a specimen the bottom, wac* 
obtained by lieutenant Brookn Ihe same ingaaioiw: 
officer reports a aoundiug df 7Q40 fetfapis m tbs Indian 
Ocean (42,240 fee^ or eiao^ mght miles I), but ui^ • 
circumstances authotiang^^^sonsiderable doubt as to the 
correctness of the rssul^. It deserves w i w < rk > that off 
the mouth of the Efoogjy livaSt m tlm Bsy ^ .Stangal, 
there exists a sudden and deep.d^|rai8ion in ocean 
Iwd, called “ The Bottomleu an epi&ak however, 
reiativp only to the vsdimiy loaB” of 

merchant vesaela, ql.iupoelif^ 
where- the Ughtor putt ia 

eom^ out to ft'iwiil^teela. 

(^. - Anto(S lha a»oiidMMto^^ 

of adopM by.-lilssfill^^ IMto mt 
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procured by it of the nature of 
the depots in fct^ ppcess of formation in the tran- 
quil d^^tiO^f the ocecm, from a microsoopio examination 
of the speciS^ p^qrocL JOrnOi tlm i^imens brought 
ttp.in the Coral ^ are found to cownst chiefly of the 
ailiceous spicule 0^ sponges, mth a feur other siliceous 
and some calcareous infurorud shdls; while over the 
badp of the bTorth Atlantic, over the whole extent 
of the tdegraph plateau, and the wide area covered 
by the expansion of .the Gulf Stream, the bottom 
appears to consist exclusively of the remains of 
delicate calcareous ^nvise of tmimalcules of the fora- 
fan^erous family, in a state of such perfect preservation 
as proves them to have suffered no abrasion, but to have 
been quietly deposited, on the death of the animals, 
fiom>the. suiface water which served them for a habitat 
during life. Thus we see here going on the fomiatum 
of a cretaceous deposit exactly analogous to onr own 
diaik formations, which the researches of Elirf:nli<?rg 
and others have also fonnd to consist almost exclusively 
of shei^ and finginents of ahell^ of minute in- 
fosorue.;^ Ilk some |da<»a, too, vdoanic -ashes and 
pumice, In povd«^ ate found-^tbe product, doubt- 
of udadrdilfted ashes bestrowiag the surface. 

'Jk . 


two whieh oar 
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the Eastern and Western Continents. They yit sepa- 
rated on one side by the Atlantic'.Ocea]], Mdiwextends 
north and south, in all pibbabili^, fiom to pole, 
and which* is continned aeross tl» nor^ pole, and 
through the Arctic Ocean or north pblar basin,, fiom 
which it is hardly separated by any well-defined line of 
demarcation, the interval between the Greenland cohst 
and that of Norway alone beii^ nearly 500 mile^ not 
to speak of the channel commnnicstion^ leading out of 
Davis’ Strait — awhile fo aud prolfiibly over the south pole 
it presents nothing but open sea. The separation of the 
cuntiuents on the other side is effected by the Pacific 
Ocean, which, but for the narrow communication witlT 
the Arctic Sea by Behring’s Strait, would come to’ be 
considered as a great bay, bmmded on the eastern side 
by the whole coast line of North and South Amlidca, 
and on the western by that of Asia, considered as pro- 
longed by a chain of great islands to the Australian con- 
tinent Narrow aud shallow as this channel of com- 


munication is — not exceeduilg SO.miles in breadth where 
narrowest, and 25 ftthoms in its deqiest chAimel-^it is 
yet importtmt in the eeonomy nsEtot^ ifihsmhdh ds it 
allows a imrtion of the eitotilatia^ wat^ a warmer 
region to find its way into the pdak basin,* aiding there- 
by not only to riftitigate tits eEtreous tigiHar dt the polar 
c^ld,%ut ti) in all pKobahilify, a oontmual 

utrcretion of ice,’ wfahdi dsa tnl^ a mountainous 

•Ot" 



ramui oxQOiuraT. 


Hotbin^ iodeod, can be moie lemarkable than 
the 'Mrpito whidi a& direct eqttitonid cinmlation is 
hMM hy\he Is&mnses of and Suez on the 

hue hand, while on the o&ear ihe ftdar oomnmnication 
ie 1^ fiee. One of reasoul acUnoed in support of 
the early, but enoneoos, opiaidn that the figure of the 
eatth is that of an oUong is^heioid, Was drawn from a 
erode notum of the ctmtinued accumulation of ice and 
anow om tbe*poiar region^ which it was aigued must 
tesnliitt an indefinite ^lolongatidh of the earth’s polar 
azts. The actaal form of the contiBent, however, pre- 
lmalB any such consequence firmn taking place, and it is 
^(^ble fimt the melting of the ice where it rests ou 
tiie aea, togeflier with the bodily diiftmg away of 
detached masses^ form, in the kmg average, a compensa- 
ti<m*to the tSSeei of continued predpitalion from the 


(44.) Anodtm such vaat bay Or gul^ but without miy 
nortbem outiM (the Bed Sea aM the Fenian Gulf beinir 
baiM^, i> the Indian Ocean, limited wintwards by the 
^fdotu anfirabhmooaata^ ndi^k^^ south coast 
fetihptda of jEliadoetan bmfidng it into 


(#1^ maMA w v imk, Mtd Wai 
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two deep and naailj qnnmqtrical indentetiona— and 
eastwards by tba brohffli massea of Soma^^ and tbe 

Indian Aiebipelif^ and by tha'vreit ^^tral^ 

(45.) Eadi o£ J|M» 

cates without aity natatal bonbHbae the Southern 

Ocean, which pnbbbly extends aen>S8 the pole beneath 
the great iey barrier diseotrered Sir James Boss. 1^ 
therefore, we would distaDgnish between them, we must 
assume arbitrary lines of demawati^ Qn the north, 
the arctic circl% which passes wihin a degiae of the 
narrowest part of Behting^.Btah^ forms a very appro- 
priate limit to 'tibp '/'Arotio Ocean.* The dhtawtie 
Ocean has no such natural limits but under the wideT 
designation of the *3otohem Oceans may be talma to 
embrace all the SKa lerited by great citoks 
between Oe^ Hoom, the Cape of Good H<^^md' Biris 
Strait, so 03 to constitute these locaHtfoS ;^ 
termini of the Mant^ undl l^^ 

This appears a sm^to than 

meridians up fonh 01^ (the ttifo i^ named 

and CapoJPUlar} tothahaianjlfolPlic^ 

purely imagmaty Jbtat#i t|«.<ja(MIII»te a 

HouUtcm. Ocean. iaiMt|^lWtQri4is to fto limits, 

between the Indian ^ , 

(46.) &aA mboidi- 

n|de.B^'8pech%toii^a^h|p^^ 

Besihis toe 1^0 
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peau Atlantic opens out, on the Ameiicsn, into 

tike which bear the names of Ba^ and 

Bddaoi^ both wvilj encombeied with iee; the former 
of whmh commwnicates by rlabyiinth ^ intricate and 
ice-obstnK^ passages with tim Pqkr Sea, and is the 
sonice born whence are ocmtinnally diif^ sonthwaids 
those floatix^ icebergs whidi form one of the chief 
dangras qf Atiantic navigation. On the otiier hand, the 
deep indentation o^the Gnlf of Mexico and the Carib- 
bean Sea, neari .7 land-locked by the peninsula of 
Plprida and the loi^ xdiain of the West India Islands, 
forms a basin ot hot water, having a higher mean tem- 
^in^nre than any other oceanic district of equal extent. 

(47.) The mass of islands whkdi sketches out the con- 
nection between the Asiatic and Australian continents, i.s 
coniinned northward along the west coast of the Pacific, 
forming a loose and broken barrier between the main 
ocean and tike east coast of Asia, and breaking it iiji 
into eoihpariimmits more or less land-locked by them, 
and hy angular i^Btem of meridional p«;ninhulaH 
(of Kamti^liiticai Corea, Cambodia, and Malaya) known 
a the sea^^.r^httKk amd Japan^ tiie Yellow Sea, and 

in this 

b^wsmi the wadem ocwta in two ocenn.s 

coasts are both 
stril^i(itie 8 ee of feature 
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of this nature. With exception of the Gulf of Cali- 
fornia, there is no approach to any deep extensive 
land-locked indentation along the vhoW^ of western 
America, nor does any exist on that west Africa, or 
along the European coast from the Gut of Gibraltar to 
the British Channel. 

(49.) TmjpmiwK o/Ou Sha— T he mean temperature 

f 

of the undisturbed by currents transfeiv 

ring water from a hotter to a cold^ zon^ or vice versa, 
i.s of course nearly that of ^e air above it; but on de- 
scending below the surface, a most remarkable law p^ 
vails. In very deep water all over the globe a imiform 
temperature of 39* Fa hr. is found to prevail, vM? 
above the level when that temperature is first r^bed, 
the ocean may be consideied as divided into three great 
regions or zones — an equatorial and two polai:? In the 
fonner of these, warmer, in the latter colder, water is 
found at the surface. The lines of demarcation are of 
I'ourso the two isotherms of 39* mean annual tempera- 
ture. The depth at which this temperature is found 
is aboul; 7200 feet at t he equ ator, a^d 4500 i n the 
highest, accessible latitudes. The me#d li^ of maxi- 
mum suriace temperature is fiff ^nr following the 
exact line of the equator, beu^ di^ectetl by tba effect of 
emrents, and in the case of by the 



of its cbunsb ladEkiatn^ ^teviarions from, aud 
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inteneotifliu or near to the equator, will 

sh«r Ibr etolKal time g»Mt 0^^ 



(SO.) Unmnalljr, tiie tempeiatoie the sea surface, 
■4li»4Jie lesKHtt eq^lained in Mei»)BOIX)gt, is far less 
vadaibis tium on land, and there exist vast i^ions (as 
Jbe leen on inspection the above table) over 
vlikb an dbaoat abacdnte nnifonnil7 in this respect 
liMmtila Ibe fraqnait dotertniHadwi of tlw mean teui- 
^ecfetnie of tiieae r^fkma fo ^ of premiov., is a 

lacHitleal prbbim of the bi^ieat iatpo^^ 

0il.) Obremf* tf As Oesanr-xEveiy wind Aai sweeps 
1^oi^pl.dme%i4(Hwb<^ The 

fifprtianal t<\or at 
iiio 0^ Hn r40mp»otion of 
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roughness of suifiMx ccniseqiiait on 43te actum of the 
wind. If the diffehimce of nUitioit'hie excess 

of diurnal rotation on the part t^ i^;^^the water 
which (driven agaii^rt tiM air) gives dttt mon^tnm to 
the latter ; if that of ^ air be in eia9es% it reodvee it 
from that element In dther caae^ tiie is the 
same ; the two are brou^t*neateT to a oonunnnitjr of 
direction and velooify by their mntnal ftiction. 

(52.) The trade-winds occupy two beUs on the earth’s 
surface on either side of the eqnator,' which are limited 
on the equatorial side by a belt of calm air (the move- 
ment of which is upward, and in which no prevailing 
tendency east or west is perceivaUe). On the p(dai'” 
they are limited by two belts of comparative calm, with 
uncertain and variable winda^ which for our present 


purpose we may consider as nearly ooincidont with the 
tropics. Over the belt of equsdorial calms, ihe 
and S. E. trades, redveti to meridietid dmetiOM If Qu 
tadmird /ridiotud imfvdat of (he mrfk’i MaUon ^Bftsil 
llall, Fragntmti of Fbyayes em4 fmebi Ip Sfedes, i. 
162), meet, and to a oertmn parhapa 


commmie^f^ in ^ilc uptNod isotna^l 



COM only be %i» oase with ^ibse Itotbni of air which 


actually attaia tha msdial near 


it|^. an tito niponof ^PitihiaEipm 

dij^ <m ti&iSK aids ti llaatar patt^bf 
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lover t 


itB 0^ 



iuid as aa <^ 03 ^% by a 
[y &e leveiae of that of its atii^* On 


the other hand, oy^ the r^on of tropical calma^ a por- 
tion of the deseeding air of the upper current, where it 
first strikes the earth, is dragged back into the tropical 
circulation, while the rest goes forward to form the* 
Antitrades (or S.W. and N.W. winds) of the tempenite 
and polar son^, which, as prevalent winds, with mort' 
or less frequent infemiptfons, according to local circum- 
stances, occupy both the extra-tropical regions. 

(53.) In obedience to the trade-winds, a drift of th<' 
intertropical surface water is produced, which tends to 
carry it in a &W. and N.W. direction respective!}, 
towards the equator, where tlic meridional component- 
of Ihe two driftvS neutraliz^j each other, ami their 
westerly components conspire, to piodm-e an equatoria! 
current setting wf3stwards, the bortlers of which will h<^ 
stronger than the medial line, because the ex* 


• Sueb at leait, w the finllaary, a«»l, ai^pearn to the 
dynamical view* of the iiubjiMit, and thin b one of the 
have the mlifartirie to differ from Liemonant Maury, wbo*c#uci‘ive« that 
the south-eait and north-cant trailce crowi as they n^af the equator, ir ! 
pursue their course in the upper regions of the atmosphere { Uh 
poles of control^ denominations. Hie point is inrrievaut to ths matu r 
aotmdly ui hand, hut it will l)e necessary to recur to it when we eomo lo 
speak of the distrihntion of moisture. [Of coarse we ilo uot no*' » 
deny the occasional and casttal transfer of masses of air from heiui^^plo ru 
to hemisphere by wind gnst^ crossing the medial line.] 
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cause is ^ msmO^ 

Iresultiiig^ J^ tbere- 

fore bifoie^. when it meets or nean the famdf the 
#)rtheni portion tumiz^ northward, end the southern 
southward. 

(54.) In the Atlantici this bifurcation takes place 
somewhat south of the equator, off Cape St Roque. 
The equatorial current is there not very powerful; but 
in its progress along the north-east co^t of South 
America, it is reinforced by the whole amount of S.W. 
drift setting towards that shore from the North Atlantic, 
and is thereby forced into* the Caribbean Sea and through 
tiui Channel of Yucatan; and having made the circuit 
of the Gulf of lyfexico, issues through the Straits of 
Florida; clinging in shore round Cape Florida, whence 
it issues as the Gulf Stream in a majestic curroif 
upwanls of 30 miles broad, 2200 feet deep, with an 
average velocity of four miles an hour, and a tempera- 
ture, of 86'’ Falir. It is to the continual scouring of this 
recess, by so vast a torrent of perfectly pure water from 
the main ocean, that the extrejne and ciystaljiae trans- 
parency and intensely blue colour of the Caribbean Sba 
is owing — a tmtispareucy such as to allow ^very object 
at the bottom to be clearly seen in 80 fiithom watez** 

(65.) Fwm its issue through the ** Narrows off Cape 
Flonhit it is darted off into the. miun ocean, where it 
takes up a course (as Lieut. Maury has well pointed out) 
n 
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confonnable (in a general way) to the easterly impulse 
given bv its excess of diurnal rotation , in passing from 
a lower to a h^her latitude, and which drives it away 
from the Americim coast in an almost direct N.E 
direction towards the opening of the Arctic Sea, between 
Spitzbeigen and Norway. Arriving in colder vrater, it 
becomes relatively buoymiV and thins off in depth 
(wMch has been, by a strange perversion of language, 
called “nmnjpg up hiU^, q)reading itself gradually in 
width, until its motion»at length, conspi^^ with that of 
the south-west Antitrades of the extiartropical latitude s, 
^t is swept on, partly by what may yet remain of its 
original impulse, but mainly by their aid, as a diili- 
current {Staric) of moderately warm water (oT), into 
the IJorth Sea. There can be little doubt that a porti*)M 
of this warm stream enters the Arctic Ocean, untl, 
sweeping round its basin, reissues in the fonn of a oAd 
current between Spitsbergen and Greenland; afuj 
skirting the coast of which latter, it unites with a 
similar current, also running southward, through 
Baffin’s Bay (and which probably conveys the whoh 
of the water ente;^%' at Behring’s Strait), ‘OJid fornis a 
cold stream; which descends alpng the Labrador cc»a.st, 
£^4 <3iat of the UniW States, tiH it becomess extinc t, 
r^tnto the dmulation af^ the point where tin; (hill 
Stre^ quits i(he coast 

(5®.) It is about^^e 4Sd or 48d i^arallel of N. htii- 
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tudc that this process of tbinmng off and superficial 
extension may be said to have diapersii, and, in fact, 
destroyed, the Ovlf Stream, as such, since at tins point, or 
rather over this region, a large portion of its water, 
strongly marked by excess of temperature (79“-78°), 
curves round to the eastward, and is then again de flecte d 
southward, forming an eddy ror return current, which 
.follo^vs the bend of the great northern protuberance, of 
Africa, but at some distance from the coas% till it again 
rc^joins the equatorial waters. la the interior of this 
vast circuit, about the tropic of Cancer, and forming a 
floating island of an elongated oval form, between the 
20th and 65th degree of W.^long., and the 18th and 
2.Sth of N. lat, occurs that extraordinary accumulation 
of rootless sea-weed, known as the gulf-weed, 'or -tSar- 
gasao, consisting almost entirely of the Fuern mtdlfis' 
Maerocystis pyrifera, and affording a home to myriads 
of molluscs and cnistacea. 

(")7.) The dynamics of the Gulf Stream have of late, 
ill the work of Lieut. Maury already mentioned, been 
made a subject of much (we cannot but think mispls^d) 
wonder, as If there could be any possible ground for 
doubting that it owes its origin es^rdy W the trade- 
winds. A few wor^ on this poinfe therefore, will not 
bo superfluous. (JVrs^then, if there no atmosphere, 
there would be no Guilf Streani, oUier consider- 
able oceanic current (as dhiBngiicihed from a mete 
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surface drift) whatever. By the actioa of the sun’s 
rays^ the mrface of the ocean becomes most heated, and 
the heated water will, therefore, neither directly tend to 
ascend (which it could not do without leaving the sea) 
nor to descend^ which it cannot do, being rendered 
buoyant, nor to move laterally, no lateral impulse being 
given, and which it could only do by reason of a gene- 
ral declivity of surface — ^the dilated portion occupying a 
. higher level Let us see what this declivity would 
amount to. The equatorial surface-water has a tem- 
perature of 84 j®. At 7200 feet depth the temperature is 
39^ the level of which temperature rises (ait. 49) to tlu? 
surface in lat. 56. Taking the dilatability of sea-watt‘r 
the same as that of fresh, a uniformly progressive increase 
of tem|)erature, from 39** to 84® Fahr., would dilate a 
column of 7200 feet by 10 feet,* to which height, lhei>-- 
fore, above the spheroid of equilibrium (or above the st a~ 
le^^el in lat. 56®), the equatorial surface is actually rai.<(M i 
by this dilatation. An arc of 56® on the earth’s suifjH 
measures 3360 geograpliical miles, so that we lua i u 
slope of cme 28th of an inch per geogiuphicai mil^v 
one 82d of an inch per statute mile for‘ the wat( r 
raised to run down. As the accelerating force, t orn 
sponding to such a slope (of onoftenth of a second 0 1 , 
is less than one two-millionth part of gravity, wc^ma v 

s feet, on Pr. You&g*fl formub for tiu? 

d water. Lect. il 392. * 
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dismiss this, as a cause capable of creating only a very 
trifling surface drift, and not worth considering, even 
were it in the proper direction to form, by concentra^ 
tion, a current from east to west ; whMi it wendd not fe, 
hit the very reverse. 

(58.) Secondly. — Whatever the difference of equa- 
torial and polar temperatures tin the surface-water, or, 
were there no difference at all, the actually existing 
trade-winds must of necessity act on the %urface-water 
in the manner described in art 51. Their action is in 
the nature of a vera causa which cannot be ignored or 
set aside. Tlie easterly momentum communicated to 
the irhole mass of air comtUuMng the trade-wind has, on 
its arrival on the equator, been abstracted from the 
surface-water. The surface water has lost that easterly 
moineutiiiu, which is equivalent to saying that it ASs 
acquired an equal .westerly amount^ relatively to the 
dry land. It i.s for those who d6ny or under-rate the 
Itowcr (d' the winds to produce currents to dispose of 
momentum ^itherwise. 

(5f).) and lastly. — Sea water by eVhpoiation, 
u(a|nires additional saltness and density, arid by dilu- 
tion with rain, the reverse qualities. In this fact we 
luivi' n ivra mma, though a very feeble one, for the pro- 
duction of an indraft on both mdes tmowrda tfts lim of 
num'mmi emportttim md These 

lines (as we have seen, art. 20) tie not vety remote 
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from the tropics, being somewhat nearer the equator, it 
is tru^ but not so much so as to make it worth while 
to distinguish them for our present purpose. The 
^umal rotation, then, will modify the directions of this 
indraft. Water coming in to the northern tropic for 
instance, from tiie north side, will arrive in a south- 
westerly direction, and (from the south in a north- 
easterly. The indrawn waters, then, will meet from 
opposite sides point blank on the tropic, and destroy 
each other^s impulsa* They wfll simply replace the 
volume of evaporated water while the denser water sul)- 
sides vertically. The rain, moreover, which dosceiuls 
on the equator, has, on its arrival at the sea level, no 
tendency either eastward or westward. It o^H)ses no 
resistance to being swept in the latter direction by tin 
wind, and thus carried into the general circulation, tis 
part of the equatorial current 

(60.) We ought here to. observe, too, that it is by n.. 
means necessary, in accounting for the Gulf Stn am <•' 
other ocean current, to assume or jptove the exi.st'. nrr of 
what is called head of water.'^ Such currents do tj- i 
of neoessitj^ run from a higher to a lower level. Imh rd. 
inch a condition (as a general one) is iiicum]>atibh; with 
the notion of e^/rmhUtor^ A cJarculation in a closed are.u 
prodne^ l>y # impulse acting horizoutaliy on tb» , 
feoe well co-exist with u truly 

level cotime of eafch molecule. A billiard ball nui i 
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along a level table by an impulse from the cue quite as 
naturally ns if it rolled on an indiued plane by its 
weight Tlie notion of “a head of water," as a.necessary 
condition, is a fundamental misconception in most of 
the received theories of oceanic cnnents, though such 
a head may be produced if a current be resisted or 
deflected. 

(61.) The equatorial current of the Atlantic^ as we 
have stated, bifurcates off Cape St Boque^d a branch 
( aUed the Brazil current runs southwards — inferior in 
volume to the Gulf Streanu The projection of the 
South American coast and the absence of any deep 
hollow, like the Gulf of Mexico, affording no focus of 
concentration, a .small portion only of it coasts along at 
about 300 or 350 miles from shore up to the extremity 
Ilf the continent while the main body performs in the 
.''outh Atlantic much the same sort of evolution as the 
oiVsct of the Gulf Stream in the north. The further 
inogres.s of this stream is by no means well made out. 
it is no doubt swept round in an eddy in some respects 
analogous to that in the Koith Atlantic baaiit So a|i to 
fiiiin what.' Is called the “t^rnh^eting cuftmit of the 
s<Hith Atlantic,” which ramt nearly due eStt about the 
33ii jiarallcl of .south latitude; but what 'my it is 
n>t.nrn<id into the cquatoriM so 

at all’ does not clearfy appear eons 

its finding its way at the Ct^pe Stolbrnn* Ocean. 
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More probably a portion returns to the equator, and a 
portion escapes into the Southern Ocean, giving the 
Cape of Good Hope, however, a wide berth. 

’ (62.) The equatorial current of the Pacific preserves 
a steady coui^se, from its origin on the west coast of 
America across the whole Pacific basin, until it nears 
the Asiatic coasts where (as in the Atlantic) it bifurcates 
» — ^the larger portion, however, being carried southwards 
through the broken channels between Borneo and New 
Guinea, to sweep the^northem and western coasts of 
Australia, while the smaller branch, under the name of 
the Japan current, skirts the outside of the island barrit r 
of the eastern Asiatic coast, imitating in the North 
Pacific, as nearly as the form of its basin and th(‘ iianow- 
ness of its opening into the Arctic Sea will permit, iha 
course of the Gulf Stream in the North Atlantic. For 
it sends only a small shoot north-easterly up to the 
straits, while the main body, curving round, tahrs a 
great sweep along the Californian coast till nearly oil 
the entrance of the Gulf of California, where it turns h> 
the west, and regains the equatorial circulaticm. i-\n 
uearly half*^the year (December-April) it is partially 
prolonged atong the Mexican coast by the 
coast current” — an alteniating drift produced by mon- 
soons setting along that coast 

; 0i) In the North Pftcific, in the latitude of Ow) he* , 
and ovir m area of hearly 50* of longitude to tlie eitst- 
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ward of that island^ that is to say, within the area en« 
circled by the great eddying stream above traced, occurs 
a somewhat anomalous counteivcurrent, or system of cur- 
rents, running eastward, which in all probability result 
from peculiarities in the configuration of the bottom of 
tlie ocean — perhaps to shallows or to submarine coral 
elevations, Which entangle and deflect a portion of the 
equatorial current This and some other of the Nortl# 
Pacific currents are as yet far from well understood. 

(G‘k) To understand the Currents of the South 
Pacific, we must remember, that while the northern 
])ortion of the great equatorial 4rift (with exception 
of what can find a passage through Behring's Strait), 
imuvly eddies round the almost closed North Pacific 
basin, its southern waters find an escape, and enter the 
general circulation of the world through the Indian Seas. 
The Pacific, then, would be drained of its waters were it 
not ivphuiished from the southern ocean, and we find 
ai;eoixlingly that it is so. But this condition implies a 
nnrihward direction given to the water drifted by the 
nortl\-west Antitrades, which, combined with the move- 
iiieut to tlie south-east those winds alon^ would tend 
to impress, overcomes the southerly element of that 
motion, and leaves the east outstauding. origiiiate 
two hMiding currents known as the Antarctic A® current 
(of cold water besuing icebmgs) and the South Pacific 
ciurent, both setting into the coticavity of the South 



58 


PHTSICAl. OBOOBAFHT. 


American west coast (the latter prolonged into what is 
known bj the name of the Mentor drift current), together 
with a general drift of odd water to the sonthward of 
both these, which takes the form of a biforcaring current 
about 45° & lat, nearly o^Kisite the isle of ChUoe, and 
about 600 geographical miles ftom the coast One, 
pcution proceeds to and rounds Cape Hoorn, as the " Cap*; 
doom current;” the other skirts the whole westcni 
coast of SouthdLmerica, as the " Peruvian or Humboldt's 
current* (attention beu% first drawn to it by that cele- 
brated traveller), interposing itself between the Mentor 
drift and thd coast, ti}i off Payta, in latitude about 4° S., 
it turns westward, and joins in the south equatorial 
circulatioD. ' 


(65.) The currents of the Indian Ocean north of the 
equator are complicated by the monsoons, caused 1>y tlu- 
proximityof the Asiatic coast, and it is only over the 
region of the S.hL trades, and about the 20th parull 'l id 
south latitude, that a general and steady westward sn 
of water takes place. This follows, vmtatw mutuivi. , 
the same laws as in the Padfirv the ocean being lijim 


to the soutbf It hifnimites about the 75th‘degive ui 
east bughudb, tme pc^rt tak^ its course north ot 
Mtjdagasgar, aod thwi curving southwiod as the Mozan!- 
cimerft tdong tl^ coast, the othi r. 

pursuing u 

direct couiM hoards lyittf of Good Hope, where the 
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two bmncbes lejoiiL A portion only of the stream so 
produced shoots southwards past the Gape as a warm 
current, but the greater port is suddenly deflected and 
driven back in mi eddy or couuteivcartent, running 
nearly eastward, the cold water setting in fi»m the 
south (bearing icebergs) to supply (just as in the case 
of the Pacific) the deficit ef water, and carrying out 
precisely the same system of reaction as in that ocean. 
The drift produced by the prevalent narth-west winiin* 
Ixn ond the southern tropic, hte the southerly portion 
of its momentum destroyed by the gmieral equatorial 
indrift- and overcome by this cause, the easterly subsist- 
ing, and the result is a north-easterly stream bifurcate 
ing ofi’ Cape Leewin about 105° E. long.,*'and sweeping 
tilt- western and southern coasts of Australia, the former 
]>ortion (just as in the case of the corresponding portion 
nf the Pacilic supply current) reverting west, and joining 
in the equatorial circulation, the other going forwards 
ill part supply of the Pacific deficit. We have been 
lierliiips jnore difliiso on the subject of the oceanic 
currents than the nature of this essay may seem to 
.justify ; but some such detail seemed necessary to vin- 
dicate to the winds their supremacy in the production 
of cuilents, without calling in the feeble and ineffective 
aid of heated water, or the stUl more iusignifibant* influ- 

* lusignifioant for aucli a puTgott,;Vut dot j&r wne odMin, -vlieii its 
lu-'ciunuliitod eSbet io long porioils'oftii&a^t^Mded. 
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ence of insect secretion, which has been pressed into 
the service as a cause of buoyancy, in the regions occu- 
pied by coral formations. 

(66). ywfos mi TFam — ^The tides are in the nature 
of forced oscillations {ie., such as are maintained against 
continued resistance and unconfonnable oscillatory ten- 
dencies in the system of waters subjected to them) 
maintained by the sun and moon, each of which 
px-oauces and ^maintains such an oscillation, whicli, in 
virtue of the law of Superposition of small motions, 
co-exists with the other, and either conspires with, or 
contradicts it, according to the phases in wliich they 
happen to be at a given time and iplace. The action 
of either luminary consists in a difference of attractix o 
force exerted by it on the solid nucleus of the globe, 
and the covering ocean, whence arise disturbing forces 
analogous to those by which the motions of the inouji 
are affected by the surfs attraction. If the disturbing 
luminary maintained a constant position with res]H » i 
to the earth, the effect would be to produce a distortitm 
of figure in^the ocean surface, surrounding the wholi 
globe (or which would so surround it, if eutin^lv 
covered with* water), having the form of a slightly 
elongated ellipsoid, the. two vertice® of whicl^ were 
the wat^ instantly to a^ume a fcrin of 
undi^ the acting forces, would be the one \mmdy 
under, the other prelMy opposite to, the pomin at 
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which the luminaiy is vertical This, however, is not 
the case, the forces shifting their point of action before 
the ellipsoid has time to form. Thus a wave is pro- 
duced, which pursues the luminaiy round the globe. 

(67.) Tlie height of the wave thus produced by the 
moon is to that produced by the sun as 100 to 38. 
Their mean periods of revolution about the globe are 
also unequal, being respectively the lunar day of. 24h. 
54ni., and the solar day of 24L Thejkconspii:t 3 r'ai/fr 
have a common vertex when the sun and moon are in 
conjunction or op]X)sition at new and full moon) ; 
in which case the joint tide is the sum of the separate 
ones, and is called spring-tide. From these points the 
lunar lags behind the solar wave until the quadratures 
of the moon, when the high water of the moon coincides 
with tlie law water of the sun, and the joint tide is the 
dificrence of the separate ones, and is called neap-tide. 
And it is therefore by assiduous observations of the 
lioiglits of the tide at the conjunctions and quadratures 
ihat^ the sum and difference becoming known, the 
])njporlious of the two are ascertained (as* above), the 
rise and fall of the spring and neap being M 138 to ‘62, 
or nearly as 7 to 3. The greatest tides occur when the 
iinuinartos are nearest^ and pass most nearly vertically 
< * vtu' the place of j^Jjaervation, 

(68.) The depth of the sea varies so much, and the 
form of its hmn, taken as a wholi is so interrupted by 
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the land, that it may be doubted whether, were the 
action of the luminaries at once suspended, their tide 
waves would perform even a single revolution with any 
sort of regularity, and in the oonise two or three, would 
be so broken up and confused by reflexion to and fro, as 
to destroy all vestige of a tide. Hence it follows, that, 
the tides for the time being* may be considered as almost 
completely commanded by the then actual position and 
of 4 he luminaries, the ime oscillations of the 
sea in its bed being ^te subordinate to the forced 
wave generating them. In consequence (as is always 
the case in forced oscillations), every periodicity in tlie 
action of the f(Hrcing cause is propagated into the oscilla- 
tions, and records itself in the recorded height of the 
tide on every point of every coast, but at each point, at 
a greater or less interval from the culmination of tin 
luminary, according to its local position and the iiion 
OT less circuitous course taken by the tidc^wavc t-i 
readr it, and which special observation can 
determine. This interval is called the estahlish'ment nf 


the place. * 

Xhef motion of the water in the tfde-wavt; 


hnlikc^ tlmt in lem ondmory snr&oe-wavc, 5.111 !i 
wind produces. I^Fien a narrow wave of thi^ 
of snob waves .of iquaJ 
bread^^ heigidis, is fifttued in ^p water, a light 
y, as ft ottk, revolres either in a vortical 
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circle, or an ellipse not veiy different from one, having 
the longer axis vertical But in the tide-wave the 
movement of each particle may be regarded as per- 
formed in an excessively elongated ellipse, the duyrier 
axis of which is vertical The breadth of the tide-wave 
from crest to crests supposing all the earth covered, 
would be half the earth’s cirqnmference, or 12,500 miles, 
in comparison of which the depth of the sea is insignifi- 
cant; and the slightest consideration sufices-^^^&^w 
tliat as all the water which goes to form the elevated 
jjortiou must be brihight from that depressed, this can 
()uly take place by a lateral approach of the vertical 
sections of the sea when the water is rising, and their 
recess from each other when falling — ie., over a quad- 
luut of the globe in either case, which is only another 
way of expressing an alternating forward and backward 
horizontal currt'Ut at any given place — with this espe-‘ 

< ial pcnmliarity, vis., that these currents (the flow and 
ebl) ( orrent) run mod rapidly at the mom^ts of high 
inul hw water; the instants of mmt rapid rise and faU 
i>eing those of ‘'slack water,’’ or no current one way or 
other. In •fact, it is obvious that ^e surface must be 
rising most rapidly iwhen water is agmlly hoih 

ways to, and sinkii^ post mpidjy when setting mt 
htfi, wp j^the pla^ which 

•can there be any ouafeat ^ the jdacOi 
(70.) The tide-wave differs also jpwm a wind-w#ye in 
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aaotiier very remarkable point It affects the whole 
depth of the ocean equally, from the bottom to the surface, 
while the wind-waves, even in the most violent storms, 
agitate it to a very trifling depth. For the force which 

ih 

acts to produce the former, which is what in the lunar 
theory is termed the iangmtial clement of the disturbing 
force,* is exerted equally iu every portion of the vertical 
extent of the water, while those producing the latter are 
x.onfiu.^d .to the surface. Hence it would at first 
sight seem that the tidal action must be very violent at 
the bottom of the sea; and in shallow seas it is so, but 
not in deep water. A tide-wave of four feet in total 
height (between high and low water), which is that 
of the tide at the Atolls of the Indian Ocean, advancing 
over a sea 30,000 feet deep, implies in each particle an 
alternate advance and recess of 2800 feet in its total 
extent; but this movement, being spread over 0 hours 
either way, is nowhere very rapid. 

(71.) In shallow seas, however, the actual nioveinont 
to and fro is more rapid in the inverse ratio of the 
depth of water, and this is seen in many reniarkabie 
instances, as, for example in the Race of Alderney, and 
the seas in the island channels of the Orkneys, and 
celebrated Maelstrom off the Norwegian coast, as \v( H 
as in the rapid stress which flow oU round onr own 
coasti^ and are familiar to every seaman. It iS thi>^ 

Aliy. On TideB Waves (Encyc. Metropul), arte 2H, 27a 
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which gives the tides their drifting and abrading power 
on the materials of the coast. 

(72.) Both the sun and moon» on a general average, 
are vertical over the equator^ where, therefor^ if the 
sea covered the glob^would be the region of highest 
tides, and round which zone they would circulate uni- 
formly; but the equatorial sea being broken up into 
three great basins, and open water existing only to the 
southward of the three great continentals 
phenomena of the tides are Gf>mplicated in a very 
singular way. In each of these basins the equatorial 
tide has to take a fresh start from the eastern side, 
with every fresh upper and lower transit of the pro- 
ducing luminary, and is destroyed or confused by 
rciiection on the western coast before the creation of 
ii new wave, while in the open part of the Southern 
()eea?i the tide-wave circulates unimpeded, and spreads 
in to the three oceans, up which it runs as a free wave 
from south-east to north-west, overtaking in its progress, 
and amalgamating with, the partial equatorial tides or 
hnced waves proper to either ocean, and their reflected 
portions. h\ spite of all the complications*so induced, 
however, and of those additional ones whicSi arise from 
the shoaling of seas and the narrowing of channels, 
as a general iact two high B$id two low waters occur 
evDiy where in the course of a lunar day of 24 k 54 m., 
the solar and lunar tides never coniradieting each other 
D 2 









i ia their oan- 
dij'iiKtd hcnt «f oocnmmce of the 
the conjtmction of 
. Ituniaaiice heh% ol»er^ iafit«m» iu not only of the 


"fOM^hmetit'’ of the pleeet, also of Uie age of the 
tidsi or that partaenlar oxigioal tide-wave^ of wliich any 
one circuitously aniving.at a place, may be a branch. 
Hins the age of the tide in the port of London i« tw<> 
OB the coast of Spain, thirty-six hours. I'.y 
determmwg these particulars at a series of points alon;: 
all the coast lines, it becomes possible to eoni^truct u 
chart of cotulal lines, or those of conternporaneou- 
arrival of the same tide, however subdivide 1, as lui< 
been done with extraoixlinary |)erseverance and yucci*>^ 
by Dr. WhewelL From his researches we learn, 

(73.) 1st, That whereas the forced equatorial in 
continuous sea would run round the globe in 2i h., am! 
therefore with a mean velocity of 900 geogiapluLai 
miles = 1050 statute miles per hour, it requires 12 i . 
to run up the Atlantic from 50” 8. to 50” N, lat., giv ini:' 
an average rate of about 500’ geographit al miles pvi 
hour. In the Atlantic, then, it is nujre in the nature <>i‘ 
a free than of a forced wave. 

(74) 2dly, Tliat its rate of advance is niainiy d< tei 
mined by the depth of wato. Wht% it enters tbr 
Atlantic its front runs nearly from N.E* to K.W, put in 
its progress it becomes curved ami convex muihward.s. 
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tin a apprcmdtMi Ite pzogtess 

is rotaidad MmA ftanee to the 

equator, just wlioto itte Il^jfp9ta0m of isteuds (Si Heleua 
and Ascension) affind m iudioation of lees depth* From 
the equator nor<l]twBids> its ptOgioss again becomes rapid, 
and the increasing oonvexitjr of the Unes of successive 
hours marks as clearly as soundings (since obtained) 
would do, the deepest channel. Thus the cotidal^lino 
coriesponding to the eleventh hour of its 
at its ea'^tcra extremity rests on CJape Blanco (lat 21® N.) 
ami at its western on Porto Bico (19® N.) has its front 
a<U<u!Of*d to the north nearly to the bank of Newfound- 
land (lij" K), and the point of its farthest advance pre- 
I ixdy oil tliat part of the sea where (as we have seen in 
ait. 37') the great submarine cross valley of the North 
Atlantic is situate. Advancing further north, the cotidal 
lnu^'4 of the successive hours close up, in correspondence 
with tlie diminishing depth of the North Sea, and round 
tljo Iridi coast, indicate a velocity not exceeding 150 
imlos per liour, while in the channels the wave advances 
stdl slo\ver, and they are crowded still closer? 

(75.) Ffihhor and very remarkable corrdboratiohs.of 
th< ^aTiK‘ theoretically demonstrable law appear where- 
< \er th(» advancing front of the tide-waves stretches 
aeross the opening of any great bay or recess of the 
' ouht line. Such is the case frr the hollow of the South 
Aia<‘ricau coast off Patagonia, between the river La Plata 
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and Cape Hoom ; and again in the Indian Ocean, in the 
Arabian Onlf, and the Bay of Bengal, in which last^ as 
the rate of advance of the wave diminishes, the extent 
and force (as a necessary consequence) of the aquatic 
movement increases, both the height and the ebb and 
flow current are exaggerated, and result in the pheno- 
menon of a Bore, or sudden and violent wave rushing 
up 4;he Hooghly Eiver with such impetuosity as to 
w ee p - ything before it The same thing takes place 
in many other estuaries, or gradually expanding mouths 
of rivers, which receive and concentrate the tide ; as, for 
instance, ^n the Garonne, and in our own Severn, where the 
spring-tides at Chepstow (which in mid-ocean, as at St. 
Helena and Ascension, do not exceed three feet) rise to 
forty, and where at such times a bore nirif? feet in 
height nins up stream. Tlie bore of the Chinese river 
Tsientang advances up that river at Hangchau like a 
wall of water, extended across the river, thirty f et in 
height, and advancing at the rate of twenty-fi\T' niil< ^ 
per hour, sweeping aU before it. In the Amazon Jiivt i, 
at the equinoxes (when the equatorial tide is at its 
maximum),^’ during three consecutive days, l)ores oi 
twelve or fifteen feet high rush up the river wiili 
high water ; so that, along the course of the si ream, uj. 
which for 200 miles from its mouth no less than f ight 
tide waves are simultaneously advancing, as inan>' as 
five bores are sometimes at once in progress. 
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(76.) The effect of concentration, by^the gradual 
approach of the shores, and the shoaling of the bottom, 
is nowhere so strongly exemplified as in the Bay of 
Fundy, where the tide not uncommonly rises fifty feet, 
and, as is said, on some occasions to more than double 
this height The whole of the tide-wave between Hali- 
fax and Charleston is made* to converge by the shores 
of Nova Scotia on one side, and the United States, on 
tlie other, to the entrance of this bay. A 
known to strike and remain fixed on a sunken rock at 
iiigli water there during tlie night and at daybreak 
the crew have been astonished to find thernselvea look- 
ing down a precipice into water far below. 

(77.) Tlie tide which flovrs round the British Islands, 
on tlie west side, bends round the north of Scotland, 
and entei's the German Ocean from the north, after 
traversing whi('h, it meets the tide of twelve hours' 
oaiiiiT origin w^hich has entered by St. George's Channel, 
H( no<> aris(‘s a singular complication; the former tide 
mainly clinging to the British, and the latter to the 
(umtint'ntal coast, and producing a revolving* wave and 
nodes of undulation; and, in consequenJer there is*a 
])oint in the North Sea whoso existence was* pointed out 
o. ptiori by Dr. Whewell, and verified by observation, 
wli(‘re, Hie rise and fall of the tide is nU. 

(78.) Tlio tides of the Pacific are but ill understood. 
hi some parts of it (as in the Atlantic) they are of very 
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small magnitude, a& &r as rise and fall is concerned, so 
that at some pointy as at the Sandwich Islands, they 
may be said to be entirely masked by the effect of the 
land and sea breezee» and the dinrnal variation of the 
pressure of the air: and a single feeble tide, at fixed 
hours in the day and n%htv occurs in place of the usual 
double rise and &11 at hours continually varying. At 
Singapore, also at the Keeling Island^ and at Petro- 
■pssiOfA^smihir phenomena occur ; due to local pecu- 
liarities. At Tonquiif also (at Batseban) there is only 
a single tide; but this is explained by the intertVrenco 
of tides which reach it at the same time in difi'ertuit 
phases, and by different channels, combined with tln^ 
“dinrnal inequality" of the Wo high waters (a wry 
generally observed phenomenon), wdiich aunihilatfs on#* 
of them, but leaves a portion of the other outstaudini:. 

(79.) WiTuihvaveif are small at their first 
commencing with a mere ripple, or, as th( siiiicrs t^rui 
it, “a cat's paw,” on the water — ^“darkening like wut< ! 
in the breeze.” But each wavelet^ as k udvunt<-. 
acquires increased height by the contmuail im nsun 
the wind, according to a law which has ta n HvurU 
deditced Irw s>triet principles by Mr Ah 

in a yeiy remarkable paper on Tides ami tbnoin! 
pint (ff Ite Bmm it is fmt th 

Isagor waves deve^ or u 

thewkd Mows ctf tte hmd ; they requii^ I wdth of 
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water and continued pressure a tergo^ for their formation. 
The greatest waves known ate those off^ the Cape of 
Good Hope, under the influence of a north-west gale 
(the storm-wind of that region), which drifts the swell 
round the Cape, after traversing obliquely the vast area 
of the South Atlantia In such gales, waves are there 
met with of forty feet in height, so that two ships in 
the trough of the sea, with such a wave between them, 
lose sight of one another from their deckfc 
Hoorn, also, waves of thirty-two feet from crest to trough 
liave been observed. In our own seas the waves rarely 
oxc(‘.ed eight or nine feet in height 

( 80 .) There exists a relation between the breadth of 
a waM\ its velocity of progress and the depth of the 
water on which it travels, which has been embodied by 
.Mr. Airy in the following table : — 
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the progress of the tide-wave (regarded as a free-wave) 
ranning up the Atlantic (art. 73 ), viz., that a wave 6000 
geographical miles in breadth from crest to crest travels 
its own breadth in twelve hours, we find for the mean 
depth of the whole Atlantic from 50*" south lat. to SO"* N. 
22,157 feet, a result perfectly in accordance with what 
we know from numerous soundings of its northern basin, 
and what may reasonably be concluded from the coin- 
obtained in its southern. 

(81.) As the wind* supposed to blow off shore, con- 
tinues to act on a wave, it increases both in length 
and breadth, and the water deepening, its velocity of 
progress increases rapidly. The depth of water to which 
the agitation of a wave extends perceptibly, never 
a very large proportion to the dimensions of tin? wave, 
either in breadth or height, the motion diininisliing in 
geometrical progression, as the depth below^ the surta< 
increases in arithmetical; so that at a depth equal to the 
breadth of the wave, the motion is diniinished to am 
534th part of that at the surface. In the case of a 
then, a quarter of a mile* in breadth, and forty feet in 
height, the displacement of the water at a dtptli of 
fSeet, in its passage over it, would be less than an iie h, 
and would be incapable of disturbing the smallest gj aiu 

, (82.) When waves cross each other, th^ am 
Bupwpofled, and in place of dividing tlic water iuU> 
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parallel ridges> they break it into lozen^s. In this case, 
the motion of each particle of the surface water, besides 
that of rising and fcdling, is one of circulation in a hori- 
zontal plane, and a small portion of the surface changes 
its inclination to the horizon in what is called a vorticose 
manner, a perpendicular to the surface (as the mast of 
a ship floating on it) revolvmg*conically, by a combina- 
tion of pitching and rolling distressing to the passengers, 
and trying to the vessel This crossing of 
ally when more than two series cross one another, forms 
what is called a “ chopping sea*' Such seas occur, 
when a series of wavevroning"'into an extensive bay, 
meet at oblique angles the waves reflected from its 
shores, as is very frequently the case in the Bay of 
Biscay. When the wind, after blowing long and 
fiercely in one direction, veers suddenly to another; 
which happens especially in those hurricanes called 
cyclones, or revolving gales, which produce waves 
travelling at once towards all points of the compass, the 
combination of which, near the centre of the whirlwind, 
proiluees a stm of the most fearful descriptioh. ^dly, 
a stoml in one direction acts on a serf in whibb 
there exists already a long rolling swell settiflg in from 
a great distance in another, called a " ground-swell,'' the 
coasequffiSoe of a far remote storm which has never made 
-ttself sensible in any other way at the ^lace of the ship. 

(83.) Bv far the largest waves, however, are those 
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widob awe their oiiigm to earthquakes. On such oooar 
sioDS great tracts Ihe ocean-bed aie often suddenly 
uplifted or depressed, and the result is necessarily a vast 
wave running ont ftom the spot in all directioiB.^ One 
such wave has already been mentioned. In the earth- 
quake vhich destroyed Lisbon in 1755, a portion .of the 
coast-line suddenly sank'to a depth of 600 feet, and the 
result was a wave of 60 feet in height, which swept over 
"SwTaniS^’fSvaged the whole coast of Portugal, and was 
propa^ted seaward quite across the Atlantic to the 
West Indies. At Madeira it rose and fell 12 feet 
(84.) When a wave runs forward into shoal water, 
the friction retards the movement of the lower particles, 
those of the upper continuing. The circle described by 
the water mdecules gradually passes into a more and 
more fattened ellipse (Webeb WeUenlehre),* and at 
length the wave breaks : its crest curls over, and pre- 
cipitates itself forward on the shor^ up which it rushes, 
the under-water at the same time racing back, and teai- 
ing up the beach in its backward course; Hence the 


abrading' and destnu^e action of the surf on a sea- 
beach. Obtain coa^ are jrarticularly infested with a 
heavy twi, such as off Madras, where the surf 
habitttaB^ taraaks irt such a distance from the betkch as 
to 'iundb ahraj^s pffiimtt and dangerous, and 
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from the Indhtn €K%an sometimes beak there in nine 



THE SB4: rre OOSAL EOBUATIOHS. 75 

fethoms water, and at a distance of four miles bom 
land. 

(85.) The force ci waves, when hiealdng against an 
obstacle, is enonnohS. Their effeotiye ptessoie during 
violent storms has been estimated as high as 6000 lbs. 
per square foot The waves breaking againat the base 
of the Eddystone lig^tironse, have been known to dash, 
up above its t(^ to 150 feet above the sea level, and 
descend like a cataract on its summit I;rtl'5 great 
Barbadoes hurricane of 1780, cannon, which had been 
long lying sunk, were washed far up on shore, and found 
high and dry on the subsidence of the storm. 

(86.) Coral Formations, Atolls, Beefs, Lagunes . — A 
very large area of the tropical seas, both in the Indian 
and Pacific Oceans, is dotted over with islands, the 
upper portions at least of which are the work of those 
singular organisms of the genera astraea, meandrina, 
and caiyophyllia, which secrete horn tiie sea water the 
nidus which they inhabit in the form of continuous 
rocky masses, perforated according to r^ular patterns, 
and known by the name of coral The aitun ilb them- 
selves live wd work only within certain vei/ moderate 
limits of depth, not exceeding ninety fatikmas; and 
whether those now living aite t? bc .bfflM^ered as 
successiftfor prolongations 0>y a pxooeteqf genntnation) 
of those which have p#>bed ib ifj^<dq0s.i»t se^ well 
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(87.) The coral fonnations are chiefly confined to 
the and Pacific Oceans^ between the parallels of 

W north and south. The Arabian and Persian Gulfs, 
and the Bed Sea, are full of them, and between the 
coasts of Madagascar and Malabar, the whole ocean 
may be considered as a great coral sea. Along the east 
coast of Australia, and stretching thence to New Guinea, 
they form barrier reefs of the most dangerous character, 
which 'jrA^ent all access to the coast, except through 
narrow channels occurring only at rare intervals. The 
‘‘Great Barrier Reef” extends from Breaksea Spit, in 
lat. 24® 36' S., to Bristow Ishmd, 9® 15' S., with a mean 
bmadth of 30 miles, a length of 1100, and an area oi 
33,000 square miles. But the most curious and strik- 
ing peculiarity of the coral formations is their tendem y 
to crown every summit rising up from deep water, ain l 
to form, upon sunken rocks, circular basins or lagum^, 
a Jleu de Veau, called Atolls, surrounded on every 
with water of unfathomed depth, and shelving oft in 
the most precipitous manner. Of these, tin* 
remarkable instances in the Indian Ocean, is tlie ehaiii 
of islands, ^or rather groups of islands, ruufiing directly 
south across the equator from the western extremity of the 
peninsula of tudim the l 4 wcadive, Maidive,* and Cirngos 
Isles. These conrist of " a series of circular as'^emblagcs 
of islauds, the laiger groups beiug 40 or 50 luiles in 
See Moroiby Powen*» beautiful cbarta of tbe 3Iaidiv« Alollw 
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their longest diameter. On the outside of each circle 
or atoll, are coral reefs extending to a distance of two or 
three miles, beyond which are no soundings at immense 
depths. But in the centre of each is a lagune fmm 15 
to 20 fathoms deep” It has been considered, with great 
probability, that these atolls crown the craters of extinct 
and submerged volcanoes; and from the excessively 
sudden and precipitous manner in which many of them 
in the Pacific spring up from deep watei?^b lower 
portions being formed of dead coral (for the animal lives 
and works only at or near the surface), an argument 
almost irresistible has been drawn by Mr. Darwin in 
favour of a slow but continual subsidence of the bottom 
of the ocean in which they occur, the animals constantly 
raising the summit to the surface as the base subsides. 
The upper portion of their work is battered by the sea, 
which ]ica})s up the broken fragments on the windward 
si(lc\ load ing generally an opening into the lagune to 
h'f^Avard, and thus foming, as it were, harbours of refuge 
ut’ gi’i'al c urity, with free access at aU times. This 
l>eeulirtrity has been insisted on by Sir C. LyfiU as an 
iu]<li<iumil and very cogent argument for their graduafl 
subsidence, as it is difficult to imagine any fither cause 
hy winch the leeward opening could constantly be kept 
unobsti^cfecl 

(88,) In the Pacific, the most remaikable coral for- 
mal ions arc those of the Caroline Islands, a vast assem- 
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blage of coni gronin, extoadiiig orer more than 20” in 
long^de^ and 5” in latitude, the Sodefy Ides and the 
so-called Dangeions Arehipelaga ladwd, every island 
yet ezammed in the wide district t^ed Eastern Oceania, 
consists either of volcanic rocks^ or coral limestones. 

(89.) It is one of the peodiaritiee of these Zoo- 
phyte% that they always 4>aild popendicularly upwards. 
Ttus^ while it serves to explain the precipitous character 
of the CUttrnal wall of their lagunes, may serve in con- 
junction with the grhat depth tiom w^ch they rise, to 
give some idea of the duration of the period in which 
the subsidence of their foundation has been in progress 
— such steepness being of extreme rarit^' on coa.sts 
where no coial-ezists, and where the usual action of the 
sea, except on the hardest granite, invariably shoals th'' 
water into a more or leas gradual decliviQr. 

(90.) Fhmmum of ^ Fdar teat— Floating la — 
ledergt , — Beycmd the 56th parallels of latitude, a.s w.^ 
have seen, the temperature of the water is lower at thi- 
sur&ce and rises as the thermometer dasa-nds, till th'' 
levd d*39” is reached. The sea then, even in dtv{i 
water, becomes froeen at the surfiice hf the winui 
of Tdher all tiid portion of the year 

'iiilmmm hfittreen be^^ of September 

ild the ld^ imd btung. 

^ the bpen nxm^ S^-ato 

'Mdi St a hrirb tempera^ tium Iteah Fahr.). 
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but its ice, like that of &e8b>watar, floats, aod nearly 
with the same buoyancy. It may, indeed, be doubted 
whether salt-water ice be really anything eise .than 
fresh with a portion of concentrated brine entangled in 
its pores. Snow fldling and floating on water of 28V 
does not of course melt, so that the Polar Seas become 
coated with a stratum of perfectly fresh ice over very 
extensive tracts. The broken masses detached from.the 
coasts also, around whidi the ice accumulates in the 
long winters into diffo and glaciers of vast height^ and 
hundreds of miles in extent, and whidi, when set afloat, 
drift along as icebergs, by the effect of currents, are 
uuccssaiily fresh. In estimating the magnitude of these 
masses, it mu.st always be borne in mind that the 
specific gravi^ of ice being only 0-9, only about one- 
tenth of its bulk projects above the 8ttifw:& 

(91.) There can be very little doubt that^ in the 
winter time, the surface of the ocean at both poles is 
entirely frozen ; but at the hTorth Pok^ it is probable 
fmm rauny.indicat^pii, ihat open water exists over a 
vet)' laige area of the t^ttal bann,,duiu]g a 
eonsidmablo'portimi^ttf the vaimsE Although 

the northern coasts of Etuope ^ova 

Zembla to the extmmity of «ra dl^ys lined 

with icer'fet, in advasdi^ oat iei^aid..iii sledges, 
from Kotelnoi 

liiver, in kh N, 76^ and j&Edmi and Baron 
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Wna|^ fouid open ocean as &r aa the. qre oonld 
tha same Itas bea&'olMeiTed by Inglefield 
aoid Saae ^the latter Tiewii^ it jEtom “Cape Constitu- 
640 ft. in altitude), in 1st 81° 22' K., in Kennedy 
•Channel^ at the north end of Smith’e Sound. In the 
land-locked and intricate , channels between Greenland 
and the north coast of .^erica, the obstruction very 
frequently continues, however, during the whole sum- 
mer, and ^en several successive ones, as the annals of 
jirctic exploration only too emphatically witness. 

(92.) "When, under the influence of the advancing 
season, the “field-ice’* of the general surface breaks, it 
becomes heaped together in sheets piled on each otlii-r 
into what is called an "ice pack,” shewing in linos the 
thickness of the sheets, which often extends to 30 or to 
feet The wild confusion which a storm creates in ‘•vu h 
a “pack,” is more easily imagined than describid. 
When extensive ice-fields meet, which they often do. 
under the influence of opposing winds and einient -, 
their enormous momentum crushes together tin .d", 
in contaci, breaks them up, and drives them (•n*- (a < i 
the other ipto ridges. Occasionally these floating lu ld' 
come into .^Uision with icebergs, which are inakin;, 
their way under the influence of the current, by ulm li 
(on account of the great d^th and volume wf-tl^' Mib 
mfflged portion) they are entirely commanded, wln'le the 
“floes* drift at the mercy of the winds, when an awful 
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scene of destinK^B tdcea jdaoe^ tibe floes, of connc!, giv* 
ing way, teaiing ujv«afl^yiag to pieoee in all diiections. 

(93.) To give m iflea of &e ^nantity of ice wMch is 
carried out of the polar regions, independent of the ice- 
heigs, and drifted into wanner temperatores, we need 
only instance the case (tf the BMolute, ex|floring-ship, 
which, having been abandoned 1^ reason of its getting 
inextricably engaged in a vast field of ice in Melville’s 
Straits, was found afterwards in Baffin’s ^y, having 
been carried 1000 miles from itsdbrmer position by the 
drift of an ice-field 300,000 square miles in extent, and 
7 feet thick. A similar occurrence carried Captain Be 
Haven, of the U. S. Favy, in a mass of ftozen sea water 
ail equal distance south of his position in the mid- 
channel of Wellington Straits. 

(94.) Little of the/oc, or surface ice, however, escapes 
unmelted from Baffin’s Bay: it is speedily broken up 
and do.stroyed by the waves in open water, and it is 
only the great detached masses which float to any con- 
■lidemble distance from either polar circle into the 
teinpenito rones. In the Atlantic they are ^dom met 
with below 40“ K. lat, being destroyed by encountering 
the Gulf Stream. In the North Pacific, •their access 
from the Polar Basin being barred, they do not occur. 
In tlyi Southern Ocean they attak as fax as 40° S., and 
are very often met with in rounding the Cape of Good 
llojie, at some distance from land. 
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(95.) These beigs, the mode of their formation, 
behig detached by fiactttie'fiKna glaoierB projecting into 
the sea, and ftoxa bamer lines of and being 

aftenrards snhjeoted to the mdtmg hsflnence of the air, 
asBiime tim most .nnconth and ezjhnoidinaiy forms, 
sometimes pieinresqne 'with towering pinnules and 
oveihanging difb, and alTBjrs grand and awM They 
have been seen as much as 600 feet in height, but when 
met 'with,(^ sea ate seldom mote than 200 or 300. 
They spread a sensiUs degree of odd ih the air, accom- 
panied with fog, for great distanoes roimd them, and 
form one of the chief dangers in nav^ating the liorth 
Atlantic. 

(96-) Many of the bergs which drift out to sea, 
having been the extremities of glaciers while in attacii- 
ment to the coast, are loaded with broken fragments of 
rock and other materiaL^ which have been heaped on 
them by *casnalti«i of weather, and the faU of rcx k.s 
during their gradual descent to the sea level TIkso 
they cany -with them wherever th^ may drift> and 
ultimately^eposit at the bc^mn o£ the sea on medtin^r 
Icebergs have been mmoontmei hr the* North Si a 
covered cxtintoestratlded' w^ memt soil, among 
which trem the bones (tf mammoths and other extinct 

1$^;^ the spdh iK)le^ a ses^rCpeB (id: least eo far 
as lsil‘|s neariy open, cattsrds, sniround* 
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ing it except betweisi the meridiaiis of 160° and 170° 
E longitude and the pamllela of 70* and 80° 8. latitude, 
which is occupied the coast of Victoria Inmi dis- 
covered in 1841 bjr Sir J. C. Boss. Biom Sie southern- 
most accessible point of this coas^ in lai 78* 16', 
extends for 450 miles to the eastward an unbroken 
vertical cliff of ice, bring 180 fest above the water, and 
therefore about 1(KK) feet in thickness-roaring in water 
280 fathoms in depth (1680 feet), thoi^ probably 
connected to the south with an extension of Victoria 
Land. TMth exception of this, and some similar masses 
also connected witii land, the Antarctic Sea is less 
unbrokcnly coated with field ice than might be ex- 
pected, the swril from the great oceans with which it 
is connect^ breaking the fields up into fioes of no great 
magnitude. But, on the other hand, the "packed ice,” 
which i-esults from the fracture and piling up of the 
field ice, accumulates in immense quantities.^ Sir J. C. 
Boss, in the daring voyage of the Erebus and Terror, 
had to force his way through 1000 miles of such 
obstructions. 

(98.) In* couseqttence of the intense' cold of the, icy 
surface, contrasted, aa it sometimea is in summer, with 
the warmth of tiie air, tite phenomena ^ Atinoapherio 
refr^tion are exf^geiaied in these ,r^ons m a most 
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^ ;appi^t summits lateially, so as to present 
00 nimmllance to toeir real form. One of the beneficial 
oooiequences of the great amount of refraction is the 
eariier appearance of the sun above the horizon, and its 
later disappearance, by uriiich the dreary polar winters 
are shortened several days. 

(90.) Another phenomenon, whidi is witnessed in 
its lughest perfection in the polar seu, and, in general, 
in high north and south latitudes, is the Aurora. The 
magnificence of its displays, as recorded by those who 
have witnessed them in the arctic regions, is such as 
those who have seen it only in our latitudes can hardly 
conceive. It is described as an immense curtain, 
waving its folds like the canopy of an ample tent 
agitated by the wind, and fringed with a border of light 
of the richest colours and vind brilliancy. The iiujio.'- 
sibility of wintering in very high southern latitudes < a i' 
oflT the mW advantageous opportunities of ohservinu 
amoral exhibitions in the antarctic regions. 

(100, a.) Professor Loomis in a memoir reeeiniy 
published (American Journal oS Science and Art, \i’!. 
XXX.), has traced with mu(h care and research (In' 
district ovca which this phenomenon exhibits its 
maximum dev^pment in the Arctic regions. Eighty 
auioraa animally are seen on an aver^ in cv^ pfrt of 
a ZQBO sarrofanding the north pole, like a belt of an oval 
or LeiBOiico-^piac form, vatying in breadtk tom if 
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to 12^» and having its lox^ axis situated on the 
meridians 6f 60® W. and 120® E longitude from 
Greenwich, on tiie former of which its northern limit 
occurs at 62®, and in the latter at 75® of N. latitude, 
so that its interior occupies in its longer direction 43® of 
latitude, through the pole: in its shorter only 31®. The 
medial line of this belt passes across Iceland, the North 
Cape, the Gulf of Obi, the whole of Northern Siberia, 
the mouth of the Mackenzie Biver, the centre of 
Hudson^s Bay (where the greateSt breadth of the belt 
occurs), and Nain, on the coast of Labrador, This band 
of greatest development is bordered, both internally 
and cxteinally, by one of less average frequency (forty 
displays per annum), of about 5® in breadth each. 

nOO.) The. Land, — Its Coast4ineSy Harbours, Sea- 
clirfs. Beaches, Shingle-drifts, Tidal abrasion. Estuaries, 
Delfj/s. — We have mentioned in arts. 12, 15, the more 
gt‘ncral features of the coast lines of the great masses 
of liuid. These, as well as the general forms of all 
Dm- continents, will be best seen and understood 
iVoni the projec^tion of ninety-seven hundredths of the 
whole surface of the earth, presented at one view' in 
Plate A, or rather in the s^tor, comprised^ within the 
niedial 120® of the semicircle in that plate; each 
d('gro#i of that sector comprising three d^rees of longi- 
tude; and o|ie quarter of the surface being repeated 
on either side, so as to afford a complete general view 
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of the Pacific Ocean without tuming to another map.* 
But it is their minor local irregularities of outline 
which, in the magnitude and convenience of harbours, 
estuaiiei^ and river mouths, accessible at all seasons, 
and the protection and facility of communication with 
the interior these afford, constitute a feature of the last 
importance to the well-being and commercial inter- 
course of the countries they border. In this respect 
there is a marked and vast difference between the 
several regions of the land, which has exercised, and 
must ever continue to exercise, a most powerful in- 
fluence in determining the relative degree of civilization 
of nations, and, what is of greater importance, the more 
or less cosmopolitan character of that civilizatioD. In 
this respect Europe, and the eastern coasts of North 
America, stand pre-eminent It is true that the great 
Archipelago of the east affords innumerable and cfxcellent 
positions of this nature; but their very multitude and 
disconnection fit them rather for nests of piracy, or I'ui 
dependent emporia of commerce in tramiiu, than for 
the seats Oi great, compact^ and united communities. 

(101.) Kie capadly of region of the glote for 
external cojornumcation^ to a c^taiu degm% 
rety t$Mf estimated by a ^tapaiison of the extent of 

• flwiHifimpksof pqjaelifai ia » iMkpr tom 

maiiMid' by ilM aatiutfto tbs ibeWty, «a4 mil 

iffW My 
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its coast-line vith its supe^cial axea. Europe, for 
instance, with an area of 3,400,000 square statute miles, 
has 20,000 statute miles of coastline, being at the 
average rate of a mile of coast for every 170 square 
miles of surface, and of which only about 8000 miles is 
of difficult access. Asia, with 17,600,000 square miles 
of surface, has 33,000 miles Df coast (or one to 633), 
nearly a fourth part of which is arctic, and all *but 
inaccessible. AMca, with 11,300,000 miles of surface, 
has a coast of 16,500 (1 to 420), ^gulatly destitute, in 
ever)' part of its outline, of good harbourage, and with 
some of its great rivers barred, and others pestiferous. 
On the other hand, the area of North America being 
7,200,000 miles, has a coastdine (1 to 260), of 28,000, of 
which, however, nearly a third being arctic, is uselesqas 
a sea-bord. South America, with an axea of 6,800,000 
miles, and a coast line of 16,600 (1 to 420), presents a 
romarkable contrast between its eastern and western 
coasts, not so much in respect of indentation by good 
harbours, of which it has little to boa^ as on account of 
the vast rivers which flow into the AHantio, and afford a 
power of pedetrarii^ into the inieiior, 06 trfro, unex- 
ampled except in Nratht ApAijM and CffikuC Out own 
islands, Ir^and in xiohiy ar^p|died 

iu this respect WQr ctimr tatiiNy of «qual extent, 
with excep^QQ n4io}ii luiaat of which is 

one cemtinuouE tipn of or fiords, but 



8S MYsioAL omGUfnr. 

whose ragged and precipitous character, and difficulty of 
accessibilily on the land-side, owing to the rude and 
mountainous nature of the country, go far to neutralize 
this great natural advantage The least favourcHl region 
in this respect is Australia— a mass of 3,500,000 square 
miles in area> but lying compactly within a very rounded 
general outline, having a ‘coast but little indented, and 
nearly, in a very large portion of its eastern sea-bord, 
rendered unapproachable, except through particular 
channels, by the great barrier coral reef noticed in 
art 87. Nevertheless, it possesses in Sydney perhaps 
the most perfect and magnificent harbour in the world, 
and one in which all its united navies might float in 
security. 

^(102.) One of the greatest advantages a harVmr caii 
possess is that of having, at some little distance off its 
opening, and in the direction from wliicli t(*inp( stuous 
weather chiefly comes, an island to act as a natural 
breakwater, according to Viigil's description : — 

Insula portum 

Efficit objecta Utcrum, qmbtis vznnts ab alto 

Frnogitor, mqne einuB aoiiuHt sese unda 

Such is th£ security and ieady lateral accessibility nn 
either side afforded to Portsuiouth by the Me of Wiglit, 
and tp New Tori: by long Maud. Table Bay omts 
wli|]Btae security it may be cotaidwed to possess, in 
l^ iaani^, to the proximity of 



THE LAND : ITS COAST LINES. 


89 


such natural breakwaters are wanting^ or insufficient 
artificial ones have often to be constructed, at vast 
expense, as at Plymouth and Cherb^uig, 

(103.) A sea-beach is a more or less gently sloping 
area, on which the breakers do their work of grinding to 
powder, and carrying out to sea, the fallen fragments of 
cliffs undermined by their action during high tides and 
storms, or precipitated by landslips. Such a slope, 
rising at a small angle (smaller in proportion to the 
fineness of the detritus of which it^consists), surmounted 
usually by a somewhat steeper bank of shingle (loose 
stone not yet battered to powder), and backed to land- 
ward by a vertical or very precipitous escarpment, 
Tiiavldng the limit so far attained by the encroaching 
ocoiin, and hollowed into caverns by its waves, is the 
sdmost invariable character of a coast line, except when 
(as ill Norway, and on the west coast of Scotland) its 
matei'ial consists of the harder crystalline rocks, in 
wliich case there is often deep water close to the diff, 
or rugged rocks in every stage of progressive destruction, 
hniuing a talus rising above the waves. It is therefore 
pinfectly easy* to recognise by these marksf when we 
iiiid them in the interior of a countiy beyond the 
})resent reach <£ the waves, the existence of what was 
onco a sea-beach, aj^l thence tp conclude Ahe action, 
since that epochs cl elev'ating forces. Innumerable 
iustaiices are in every part of the world of 

e2 
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such aaoknt sea-beaches elevated at various heights 
above the actual sea-level — ^for example at Plymouth, 
at Kew Quay, near Falmouth, in many parts of Wales 
and Scotland (as in the celebrated parallel roads of 
Glenroy, clearly diewn by Captain Hall to be ancient 
sea^beaches) ; from Alten Bay to Hammerfest in Fin- 
marh (Bravais), in the Yal di Hoto in Sicily (Lyell), In 
the. Morea, as described by Boblaye, and still more 
remarkably in South America, in the vidley of lima, 
near Banos del Puyo (Cruickshank), 700 feet above the 
present sea, and at Coquimbo (Hall). Lately a suc- 
cession of raised beaches, like a vast flight of forty-one 
terraced steps, 480 feet in total height, has been dcv 
scribed by Dr. Kane as occurring along the coast ol 
Kennedy Channel, separating Greenland from the land 
to rrestward, commencing at 76" K. lot., and continued 
to "the Great Glacier,” and the north of GrinneU Land, 
or North Victoria. This, then, is one of many cases in 
which the study of what is actually going on educate.^ 
the eye and the intellect to discern what lias pass^^l ; 
and it i8« thus that we re^^gnise^in the marpment of 
onr ehftik Inrmotions, the cliffr bomidmg that sea which 
Ilf doattdid of its ribUty dto whtde of onr 

levdling 

wthth of the ooeai wimMtrw ve find a h^y couatr.v 
eiit dowa by such esaupmeata. sinttiiur on au extent of 
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(104.) The material so pulverized and washed down 
into deep water is transported by the tide-current to 
great distances. In the peculiar nature of the tidal 
undulation described in arts. 69, 70, we perceive the 
great transporting and distributing agency by which 
new strata are formed from the destruction of old ones, 
ilut the full effect of this power is only to be appre- 
tiated when we contemplate the rounded forms of hills, 
and the branching and sinuous valleys of a very large 
portion of the surface of the land where the action of 
the existing rivers, or of any conceivable amount of 
atmospheric precipitation, is quite inadequate to have 
performed the work of excavation, and where there is 
no evidence of sudden and violent convulsion. Witness 
our osvn chalk downs, much of our Wealden swells and 
slopes, and the gentle undulations which everywhere 
cover the surface of the lower lands in all countries — 

** Qoa se sobdacere ooUei 
Iscipiaiit, moUiqod joguai demittore divt;’* 

and wliich can be refsmble to no other agency dian 
tide-washing during a period of prddnged snbmeriion 
in hhallow soas, A large pcfT^ of mdm of 
Fmuce is one mteed of ^ agency. 

(105.) Loaded w8ib material ao ahradbA the 
iidc-cuirents ^ bo$«t a vait quantity of 

matter wMch 



91 ' ■ 

find otlier (i||eiul#B to coast 
IkM (<rf vhieh ve itaTO examples ia tiie |^t shiogle- 
ditft ol Boi^eness Point and tlie Ghesd Bank), and are 
active in producing one of the greatest impediments to 
navigation in the form of bars at the mouths of rivers, 
of which notable instances occur in the Eangoou lUver, 
the Meinam, the Senegal Eiver, ’the Quilimane or 
Zamjbesi, and the Canton Eiver, where there are two 
bare, Port Ifatal, and most of the harbours on the Suutli 
African coast. Such burs ai*e chiefly formed where the 
opening of the river to the sea is narrow, and not spread 
out into an estuary, which the tide tends rather to scour 
than to silt up. 

(106.) Besides the material worn off from the t'oast 
by the action of the sea, a vast quantity is brought down 
by rivers, which accumulates at their mouths, funning 
deltas, the forms of which arc greatly modified ]>y tides 
and currents. The Ganges has been computed to deliver, 
on an average, into the sea annually 534,600,000 ton- 
of solid matter; the Mississippi 202,700,000; (ind tite 
Irawadi 102,500,000. Ko wonder, then, that in 
course of ages deltas should accumukta • That of th(* 
Ganges extends across a spaoe of 160 miles^ and it has 
nearly the form of an equilateral triangle, considered 
as filling the area included by ths Hooghly braneb, and 
the innumemble smaller streams which cross like a net- 
work bver its surface. The ddta of the Nile, like that 
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of the is J^med m a fork of the liver, about 

90 geographioal miles from the sea (though doubtless 
the sea, at some former period, occupied the whole 
space between the branches), and forms on the searbord 
a segment of a circle, having a chord of about 170 geo- 
graphical miles, the outline being rounded off by the 
action of the currents sweeping the drift to the east- 
ward, and bordered with a chain of salt or bracl^h 
lakes, separated from the sea by narrow sand lines. 
That of the Rhine, or rather the united delta of the 
Rhine, IVIeuse, and Moselle, constitutes the whole of 
Ilollaml, and offers, in its northern part, the same 
jihenonienon of a rounded outline and chain of low 
drift banks (Texel, Mieland, Schelling, and Ameland), 
enclosing a shallow expanse of water (the Zuyder Sea), 
the riveu's entering the sea by innumerable outlets to 
1]jo south. On the other hand, the deltas of the Missis- 
sippi and the Lena cany out the rivers to great dis- 
tanc(*s, and form very projecting points; that of the 
^lississippi, in particular, which is singularly ramified, 
and in wliich the main channel prolongs itself on l^d 
of its own formation, like the claw of some^web-footeli 
bird, far into the Gulf of Mexico, being increased by 
immense quantities of drifted trees, which meet to- 
getln^r, and form a vast floating mass^the ^Eaft of 
Atchofelaya,” which, in 1810, contained upwards of 
250,000,000 cubic feet of timber, accumulated, in conse- 
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obitac«rti0ii^ k (mlf!66 7eai8» and 
liaa'bean inoieasiagareraifiee* 

( 107 .) The Lain), eo^imd^hfw of DtstrilmHon of 
Hi MaUriak — Otdogkal BdationL — One of the first 
tilin gs which travel teaches ns k that the materials of 
which the earth consists are not scattered chaoticaUy» 
and at random, over its. snrfaioe. Partioiilar sorts 
ear^h and rock occur laxgdy and almost exclnsively 
over some districts, and are wanting in others, and it is 
the husiness of geological smence to furnish a clue to 
the intricacies of their distribution, and to point out the 
relations which subsist between adjacent districts in 
respect of material composition, and the conditions 
which have determined the form and extent of each. 

(108.) A very superficial observation of the escarp- . 
ments of cliffs, and other features of a country which 
lay bare some considerable depth of the ground, suffices 
to shew that a very large portion of the earth’s surfaeo 
consists of successive layers or beds of different material, 
or of the same with markiBg lines of separation, or thin 
layers of^others interposed, while other portions exhibit 
no such ehsracter. Bkiee • diviaion into skaUJkd and 
If these kym were skio% homontal 
and of eifaal thkloiesf, tisesikpe of ovary hill, and tin* 
|l9eof ovexy elil^ wof^ eaMkt a eMlfliff horizontal 
Irjfik ittnfliDg lovd lines immsd conkur, and 
Miite #10 oikk over adneh es^ would form tli<* 


TBS USD : m vtumsa. 9 $ . 

•n|»eK&^ Img detennined 
simply I 7 the mots cot leas gtaiiiud dope 0 ^ the ground, 
and the thidmesses of the strata so intersected or “out-^ 
cropping .” But this is found to be rarely the case ; the 
strata are inclined to the horizon, and some more, some 
less so; and being intersected by or “outcropping" 
(k the sut&ce^ wd that surface being an uneven one, 
the belts which they form on it neither Mow level 
lines^ nor are bounded by parallel outlines. It is there- 
fore to the thickness, inclination^ and order, if any, 0 / 
mperjmiium of the strcUa, that we have to look for a 
key to the extent^ configuration, and order of atrai^ 
went, side by side, of mineralogical and agricultural 
districts, 

(109.) So long as mineralogical characters only were 
referred to as distinctive of a “formation,” it could never 
be positively asserted that any ^finite order of succes- 
sion existed. The same kind of rock, a limestcme for ' 
instance, might be found bordering in area, or overlying 
in level, many different kinds of rock. Bnt when 
the attention of geologists came to be directgd to ..the 
fossil remains of animals and vegetables imbedded in - 
them, it was found possible to assign to each formsdhm 
characters so definite, drawn from titose its Jossil ,<S<m- 
tents, as to ‘admit .of un unbnfic^ indiear of suoeeadeh 
being reoc^adsec^ ht cme ootihiy or dhitritfi^ but ov^ 
the wlmle sotfaee ^ the i^pbe. It MtiMsi gnmd genend^ 
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zEation wliichi worked out to its full extent by modem 
geologists (the hint being furnished by a countryman of 
our own, William Smith, with a long array of British 
names, many of them those of our contemporaries, 
standing pre-eminent in the list), has led to the full 
establishment of those mc^nificent views of the history 
of our globe which are embodied in our articles 9 and 1 
(110.) ti traversing a country in a direction always 
perpendicular to the lines of demarcation of its geological 
districts, then, it is found, as a general fact, that we 
always come upon the strata in a determinate order of 
succession, which, taken in one direction, leads ultimately 
up to a district or mass of unstratified rock, through a 
series whose fossils differ more and more from the exist- 
ing oiganisms; or in the other, to one bearing evident 
marks of recent origin^ the fossils it contains imbedded 
being the remains of organized beings now existing, mui 
the material wanting in that solidity and cohe:^ioii 
which indicate age, pressure, and the action of heat. Tht’ 
series of stratified rocks, then, on the unstmtiil^ d. 
and to this no exceptions are found (or extremely raiv 
on 08 }» except in cases where volcanic aetiea lias 
%tiid over or amc^ the others which 
inass^ 

(111) iiHimnix^ the deposition of mvh 

In its ^clinati^jis in itodf evhknci of 
disMten^ and whm we m a geneml 
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rule, that the lower the strata in the order of super-posi- 
tion, the greater the disturbance of this kind they have 
undeigone, those in the immediate vicinity of the un- 
stratified rocks being often vertical, much shattered and 
contorted, and even, in some few cases, actually over- 
turned or doubled back; and that upon the broken edges 
of these, others have been deposited horizontally, and 
these again disturbed, though in a less degree: the 
conclusion is irresistible, that it is to the intrusion from 
below, and forcible upheaval, at ^successive intervals, 
with intervening peri^ of repose, of the unstratified 
masses, that the disturbance has been owing, and the 
wliole series raised from the ocean bed, not merely to 
its present level, but to such a level as to* admit of the 
upper portions of the upheaved strata being subse- 
(piently (U'graded and carried away, so as to leave the 
land as we now find it. Were it not for the evidence 
tliese facts of universal occurrence afford, and for the 
avlditional proofs afforded by the corroborative one, that 
in cry case whei'e a section can be observed or con- 
cluded on h(h sides of a central mass of this kind, the 
strata succeed one another in the same orde? outward, 
and “dip** everywhere from the eefttaal line,^ might 
hesitate to accept, so far as these looks are concerned, 
the position of th«ar npheayai jlutwhenwe come to 
look upon them, 
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vldch the leal prmum mMe, the ceatial hea<> does its 
nmgh work on the orast of tm globes they lose their 
claim to this ideal permaaence^ and come to be consi- 
dered as, in faiA, newer than the rocks they penetrate 
and displace. 

(112.) We most refer to works especially treating 
of Geology, and, inter •alia, to the article on thht 
subject in the Ent^lopsedia Biitannica, for an enume- 
ration of the long series of strata interposed between 
the granitic and othOr unstratified rocks, and the last- 
dciKMited alluvium, as well as for an account of their 
characteristic fossils, in detaU. There is probably no 
part of the world in which all, or even the major part of 
these strata, eiist actually superposed. The series is for 
the most part broken by Uie absence of many of its 
•members; necessarily so, indeed, since what wns covered 
with water durii^ one epoch, and therefore a receptacle 
for the deposit proper to it, became dry land during 
anotiber, and thmefore ceased to receive sucb as were 
then elsewhere in process of formation, ifot the order 
is nevCT inverted . The b^iuniag, middle, and end of 
e^ ferm^ mganie life can be tzae^; one form, indeed, 
i^erl^fisg^imi^^ hot once ea:ti9eti,i>em reappearing 

a aingular 
the 

i4l»di allbid, condm<«tl 
iitton stttpflcoitipaiii^tite 8wi«ri(4^[qpoo8c^fo a compMe 
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series of the strata which probably exists anywhere, ana 
within their area (active volcanic agency excepted) . 
there is hardly any form of geological upheaval and 
dislocation which is not exemplified, the Isle of Wight 
being especially ibmarkable as an instance. 

(1 13.) Without going into detail, however, it will be 
advisable to give here a very brief summary of the piin- 
cipal growps into which geologists divide the strata, «n(t ' ^ 
their distribution. These are — The older Igneous 
formations, consisting of Granite^and Granitoid rocks, 
such as Syenites, Porphyries, etc., in which no trac§ of 
any schistose or stratified structure is discernible. 2^, 
The Ciy^stalline Schists or Metamorphic Eocks, such as 
Gneiss, Mica slate, Quartzite, Serpentine, etc., in which 
a tendency to cleavage, or to a fibrous sthictiu ^, is for 
the most part perceptible— noising, as Professors Tyndall 
and Sorbey have rendered very probable, from pressure, 
prior to consoU datipn . giving parallel directions to par- 
ticles of mica, and which cafise has certainly produced 
the “slaty cleavage" in the true slates. These rocks 
contain no fosailSy mid, as Sir 0* lyeH ittppose8,.,have 
been subjected to a heat so near id fludo^ to 
terate any vestiges (rf organic Ufe^they diiee 

contained, Sd^ T^i Lower Pa 
of Sir B. Mumliiao^ in wUeh e^ent, 

and the earliest vestiges df lSb fldies^ 

molluscs, and zoophyte^ In and in the 
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menttoioipliic rock^ the principal metallic deposits occur. 
41^ The Upper Falseozoic, sabdmdki into the Devonian 
or Old Bed Sandstone, the Cailxmiferoiis and Mountain 
limestone and the P ermian or Magn^ian limestone, 

'i 

vrith the Lower New Bed Sandstona In this series 
fossils are abundant, and it derives immense importance 
from being the seat of th^ coal measures in every part 
of Ihe world, hth, The Mesozoic group, comprising the 
lias and Oolites, the Muschelkalk and Keuper, the Jura 
limestone, and the Chalk, comprehending as their 
higlMt member (or the lowest of the next succeeding 
group, according to more recent authorities), the Ifum- 
mulite limestone Qth, The tertiary deposits, divided 
by Sir C. Lyell into Eocene, Meiocene and Pleiocene, as 
indicating three stages of progress towards the new 
existing species of organized beinge To these have 
been subsequently a^ed, under the continually in- 
creasing demand for nicer discrimination iu n'spiet 
of era, and as the immensity of time embraced Viy 
geological epochs has giaduaify opened out to i ui 
view, the Pleistocene and even the Pcistpleistoceue, the 
latter fomfing the transitioa "Ihe Alluvial 

and formation, consistizif of modern detritus 

emtic md The .Volcanic m 

Seint Igoeom htxax&xo!^ basah, etc;, which (s-om' 
iiidpneatly^ in every part df tibe aeries. 

in wliicli several “ fomni- 
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tions” occupy the area of the existing land, is veiy diffe- 
rent. The older ign^s rocks, granite,, syenite etc., 
occupy hut a comparativdy small aliquot part of the 
whole surface, and in masses of little contmuity, as 
might natuiuUy be expected, when it is considered that 
it is only when actually thrust through the whole series, 
so as to tower above them all >(80 in some of the highest 
peaks of Mont Blanc), they would of themselves come 
into 'view, and that in all other cases they would only 
be laid bare by the destructionT of the whole super- 
incumbent series In only a few districts in Enppe 
arc any extensive continuous granitic formations dis- 
tio.(!cd ; such as in the north-west of Portugal and the 
south-west of Spain (if the whole of what is laid down 
such in maps be ijpally granite) — in the internal 
hi tween the Bug and Dnieper (in Volhynia, Kiew, 
Podolia, and Chersoii) — ^between Dresden and Gorlitz — 
ill tliu Grampian mountains in Scotland — the Lofoden 
I''les on the coast of Norway — in Coisica'aad Sardinia, 


granitic ; and across France, the district runniiig south- 
west from HI, Malo and Ushaat towards Avignon, the 
granite occurs in frequent masses, tiieir line af direction. 


'Khen continued, passing tfarcm|^ Cotsica and Sardinia. 
Indeed there is hardly any, axtewdve region of the globe 


in wliicb, hole and f(ani||ic mass does not break 
forth. Alm^ east ooait ot l&pszfl theoe is a con> 
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tmuoHS gianitic band fifom Bio to the month of the San 
Francisco Eiver. 

(115.) It is otherwise with the Metamoiphic group, 
comprising the gneiss^ miea slate, etc. These cover 
large and contmuous districts, a% for instance, in 
Eniope, nearly the whole extent of Sweden, Lapland, 
and Finland, except a narrow belt on the Baltic coast , 
ahnpst the whole coast of Norway; nearly all the north- 
ern half of Scottod, from Perth northwards; nearly atl 
the higher Alpine district of T)uoI, 

from Grenoble to Grata; all tnO^WSist of the Ural 
chain of mountains; probably the whole of Greenland, 
Labrador, and all the land north of Hudson’s Bay ; all 
the southern portion of Canada and the Briti.>h Xmth 
American possession^ up to the chain of lakes ; and the 
Arctic sea-coast as ikr as the Coppermine Knei , tla 
whole of Bussian America, as well as the ea'^tern com^ i 
of Asia, as far as the river Kolyma. ProctH-^dmi^ soiith- 

t 

wards, we find nearly the whole of Tartarj, a pn-.u j-an 
of China, the Malayan and iniidb of the ('aiut<»li.ii. 


peninsula; the roathgm part of tbane ninsulah nl Indi^ 
and Arnfajh; neody all that it lounm .of »N>nih)ni 


jdfilea, 1^‘to the Deaerh^ iriih atewa tem of the CujH 
and hi Sotrfih AtseiioaiMwifyal! il^Bzll, Cuiuu. 
a|il<i#4^ld^lde p(»tioii of ^easraiela, m the casb'rn 
il» chain <d' the Andes on the weetm. 
oem^fod ^ meet wldaty dBAnhotod and inijMir- 
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tant forination, vhicht in effect indadeB within its 
range almost all the highest mountains and most 
elevated country in the gbbe. Nearly two-thirds of 
the interior of Australia, a^ would appear, so far as 
our information goes, to be occupied by it — so that at j 
least o nedlurd of the total surface of the land consists/ 
of this formation. 

( 1 16 .) The next formation in point of exMni^ as it is 
in order, is what has been termed the Transition Series, 
comprehending tim whole of the Silurian, and the lower 
portion of thigi?fcnirdi or Upper Palasozoic group, as far 
<is the carboniferous limestona Its greatest develop- 
ment is in Uie northern portions of the continents, 
extending over the nuyor part of EuroxKian Ilussia up to 
the UnU, ov^ the basins of the upper Irtisch and 
Yeuesei, north of the Baikal Lake, together with the 
district occupied by the Stanovoi, Ourakantsha, and 
.-Utai Mountains, in which the Kolyma and Indigirka 
nvm take their rise. The oomparatively small portion 
of Norway which is not occupied by mdamorphio rocks 
I'' fUled with these sbcato. In o ur own is land s they 
have considerable ctevdt^ent, as well as m FortugaL 
In North AmuBOa, divide^ with the sEtftainoqdim 
rocks, the wh^e of ittmeipe eaal of the 

Ilooky Mott)d|dx^ witb. epocftftm of a CMnppiativdy 
small disbud iraPtdf (bS lUnotiiL while bx Sot^h 
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east side^ spreading over Bolivia, and forming a belt 
bordering La Plata and Patagonia ojj the west, along 
their whole extent In Australia, likewise they occupy 
two such belts, parallel to one another, running along 
the whole east coast from the northern to the southern 
extremity. 

(117.) The Secondary Formation, comprising the 
series from the Permian beds upwards, and including 
the chalk, viz., the Upper Sanasione, Lias, Oolite, Green- 
sand, Chalk, and Nitmmulite Hmestope, is very much 
more limited in its range. It is represented in England 
by the chalk beds and other deposits in the south-en^t 
of the island, cut off by a line running from the meuth 
of the Tees to Exeter; on the eastern side by a broad 
belt of no great continuity, being often overlaid by the 
tertiary beds, but in which it is impossible not to trace 
a certain unity, continuing the east Anglican ibriuatiou, 
in a direction from K.W. to S.E, over the whole of tie 
south of Europe and the north of Africti, down tu |h 
on the one hand, and over much of Asia Minor, tho.uuh 
Arabia and Persia, into the Indian peninsula. Themv 
the belt (yith larger interruptions) takes a in>rthf>ru 
direction, ii^appearing in Tliibet, and again in China, in 
the districts of Sctchuan and Hoc Quang. Ag?tiri fcinl 
ing northwards, it reappeans along the whole eu^tcut 
eoast ctf the sea of Jaj^an, and the western of that 
Oohatzk, forming the sea-bord of the Kaimchfitkao 



THE IJIND : ITS GEOLOGICAL BELATIONS. 105 

peninsula. In the western continent it is^much more 
sparingly represented, the states of Kansas and Nebraska 
being the only portion of North America occupied by it, 
while in South America it has as yet hardly been traced 
at all, with exception of a small district on the Orinoco 
liiver, at the northern extremity of that continent 
• ( 118 .) One of the most remarkable features of this 

vast formation (of its cretaceous members, that is to 
say), is the astonishing fact disclosed by microscopic 
oxauiination, of its consisting (fimost entirely of the 
exuvife of minute animalcules, tn the Chalk, properly 
so called, they exist in such abundance, and of such 
minuteness, that millions have been reckoned to the 
cubic inch ; and in the Nummulite limestone, so called 
from tile shells of that name it imbeds, which forms 
iicaily the whole of the south European and African 
j)urtii>ns of the ^rmation (attaining, in some parts of its ’ 
distribution, a thicknCvSS of many thousand feet), it con- 
sisls (uitirely of minute foraminiferous shells, whole or 
ill iVagmeuts ; and it may be added, that the green and 
fcmio incus sands which present themselves interppsed 
liot wcen iind .underlying these deposits, ha\e also been 
disc<»ver<»d by Ehi’^nberg to consist of ea^is of such 
f=;hidls, the shells themselves having disappeared. We 
have, seen that in the North Atlantic, the process of the 
formation of such beds is stni in progress, and from the 
bottom of the Gulf of Mexico, and the Gulf Stream, 
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sack casts ,, vUh liviog qiecimeDS have been 
bnnight up in sounding (Caipenter, R, Inst. Proceedings, 
Maich 12, 1858). 

(119.) We may here recall what has been stated 
respecting the ertensive formations of caicaieous sub- 
maiine masses by the labours of the coral insect Such 
fitcts would be utterly incredible but for what we know- 
of the astonishing rapidity of multiplication of these 
minute forms of animal life Dr.' Carpenter computes 
the progeny of a pair %f aphides, if allowed to accumu- 
late, at the end of one year, at a trillion. Grating the 
reproduction of marine animalcules to be a thcmsatul 
IriUion times less rapid than that of aphides — granting 
that each of thmn, during its life time (supposed nut 
interfered with, and food supplied), secreted only a ten- 
millionth part of a cubic inch of indestructible call aie- 
ons matter — we should find accumitl8t|^ in less than a 
quarter of a century, a globe of such material, 
diameter would exceed the distance travelled hy light 
since the ordinarily received epoch of the creation (400 4 
B.O.), and, the surface of the ^be, supposed to contimn 
inmeasing at the same rate, would then be swelling out 
into space a great many thousand ilotes &sier than tin- 
i|peed of l^i There needs, then, only a residual 
iiaanaiifylKtaTeiy smaU percentage of ih^product'd 
fat the ptodadiim of aQ the oaloaramx 
and the same may be said (if all 
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those geological fimnations, such as the Polishing Slate 
of Bilin (40,000,000 to the cabk inch I), the Infuscoial 
fonnations in Holland, eta, which microscopic exa- 
mination has shewn to consist of infusorial and other 
exuviae. 

(120-.) The Tertiary formations occiqpy a very large 
portion of the whole surface of .the land. They are found 
(as the circumstances of their deposition necessi^te) 
occupying the intervals and hollows of all the other for^ 
mations, and that, too, occasionally at such considerable 
elevations above the actual sea-level, as suffice to shew 
the enormous period which must have elapsed since 
their depositioiL Thus, in Chile we find them at 1500 
feet, in the Isle of Ischia at an elevation of 2000 feet^ 
and in the Niti Pass, in Thibet, at an elevation of no 
less than 17,000 feet. In England they are not largely 
<leveloj)ed, but on the continent they form a broad belt, 
extending all across Europe from the Baltic to the Black 
soa, and including nearly the whole of Bdgium, the 
Xetherlands, Denmark, Hanover, Prussia, Fdand, great 
part of Austria, induding neatly the whole course^of 
the lower Danube, the southern provinces of European 
Itussia down to tiie* Black Sea ; thence entering Aria 
across the Sea of Arofi they occupy the .whole of the 
Caucasian diitikt b^ween that sea and the Caspian, 
together whh the barin ooeupied by the latter 

and the Sstt'clAoi^^llail nsis^- ^^whfite of Western 
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Tpxtary. Thence sweeping upward to the north, they 
cover an immmse area, extending to the Gulf of Obi iu 
length, and in breadth from the Obi to the Yenesei, that 
is to say, nearly the whole of Western; Siberia. South- 
ward, the Great Desert of Northern Afeica would seem 
to belong to these formations, as well as the bulk of 
Arabia, Persia and ^I ^pper India ; the deserts of Gobi 
and Shamo are also considered as being perhaps refer- 
able to the same geological district 

(12L) In the American continent the disposal of 
these strata is very remarkable. In the northern conti- 
nent they form a broad belt, running west of the Ptocky 
Mountains from the Polar Sea to the head of the Gulf 
of California ; while in the southern they follow all tin* 
sinuosities of the coast lioe, in a band of from 3(M) to 
600 miles in breadth, on the eastern side of the 
of the Andes, and separated from them by the 
ary belt already mentioned. The central portion-s <4 
Australia, too, are probably occupied by ni 

this series. 

» 

(122.) Taken together, then, the Metainoipiiir tiiid 
Tffltiary strata occupy the lion’s share of all the existing 
continents^ the intennediate formations having Wn, foi 
fte most part, denuded flxtm the fonaer, while thu} 
dpiut be assumed still to exist underlying the luttcr, 
Jiem all the phenomena ef thek occurrence, theiv 
is life^jaeason to doubt bare been &naed of the imme 
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diate detritus of a^aoent land during the countless ages 
which have beeu^upied in its upheaval 

(123.) Tlie Volcanic or newer Igneous formations 
are distributed over the globe in a manner wonderfully 
indicative of the universality of those deep-seated causes 
which have produced them. They break through every 
Other formation, not exce pting the graniifi. itself, as in 
the case of the Auvergne volcanoes, which, over a large 
district, divide the surface of the country with granite, 
every other formation being wanting, and whose scoriae 
are found enveloping masses of feldspathic granite, tom 
up by them in the act of their ejection. 

(ISl-.) Volcanoes are either extinct or active, and 
either subaerial or submarine. In the former case they 
usiinlly consist of cones of ashes and scoriae (lava thrown 
nj) into the air, melted, and falling as stone in various 
]>rolveu and contorted fomS), with a funnel-shaped de- 
[>re^siou called the crater, from which (frequently from 
a break in one part or other of the rim) lava 
liave issued, coating the older Jayers of ashes, 
and binding the whole together as a mass, often inter- 
vst'cled with dykes or vertical walls of lava. When 
lofty, the lava frequently breaks out laterally, lond when 
snob outbreaks are accompanied with ejections of scoriss, 
latornl cones are formed, of which Vesuvius, and* espe- 
f-iaUy Etna, exhibit striking examplea Some volcanoes 
habitufOly pif faftklmentB of lava during their erup- 
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ti<NBa, ts Heda, Yesuvios, Etna;. others chiefly scoriae 
and volcanic dost, as those of Sumafan, ^va, etc. ; others 
mud, as often happens in the eraptionp of the South 
ArnBrieim volcanoes and one (die double crater of 
Mbwna Boa and Eirauia in Chryhee) offers' the pheno- 
menon of two perpetual seething cauldrons of liquid and 
red-hot lava, occasionallyovetflowing^ hut never ejected 
with violence. The lavas of modem volcanoes differ 
much in character, but are seldom or never columnar 
or basaltic. 

(125.) Extinct volcanoes often exhibit every appear- 
ance of active ones, except their activity. In Auvergne, 
and the adjacent volcanic districts of France, we find 
cones (as that of Aymc) which, but for the trees growing 
in the crater, might have been supposed in eruption not 
many years ago, pouring out lavas beautifully columnar ; 
others^ as the Pays of Cleitfen^ with the craters more 
or less rounded off by weather, but still quite rlLstin' t, 
and the lava currents flooding the surrounding cunnti} . 
othms, again (as, that of Agde), water-washed hrups m 
scorise. Over many vast tracts of country delugoo »f 
lava (as M the Vivands, and Cantal, iir Franco) havo 
flowed, takii^ a pmfeody level surface, like a sea, ami. 
iheiefliE% evideady from a subairisl source; in othorM 
(Hi ha ffaa vsBcgr of Isssa in Syzd), vast subterranoun 
H l ii #^gs of ncfftae kva iOqf Idleness have up 
hesMfii.irlufls pfoviacw of pid» vflUflr limestone, itn>t 
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by some process of sublimatioD, while splintering them 
into the most {nctuteeqae pinnacle^ have, at the same 
time, impregnated them with magnesia, converting the 
limestone into dolomite. Others, again, have broken 
out, and still occarionally break on^' as at Santorino, 
Fantellaria, Sabrina (Azores), beneath the sea, and have 
either, after a brief appearance, been washed over and 
obliterated, or remain as permanent insular crater^ of 
which innumerable instances occur— Teneriffe, Mowna 
Iloa, Jan Mayen’s Island, the P&k of the Azores (El 
Pico), the Isle of Bourbon, etc. 

(126.) The quantity of material ejected by volcanoes 
in eruption is sometimes very enormous. In those of 
Tomboro, in Sumbawa, in 1815, ashes and scoi^ were 
thrown out sufficient to form three mountains equal to 
^lont Blanc, or to cover the whole of Germany two feet 
Jeep. The lava which streamed, in 1783, from the 
Skaptar Jokul, in Iceland, has been computed, on Sir C. 
Lyell’s data (GeoL L 875) at 21 cubic miles, a quantity 
cijual in volume to the whole of the yater poured by 
the Nile into the s^ in a year. 

(127.) The most striking features connected with-^ 
exhibition of active volcanoes, are 1^ Thefr dtndmcff to 
a Uimr arrmgma>i whan wtular. Of tfaisi th^ 
many very strikii^ examples. Thus, in the Aleutian 
Islamh^ ftnm the of the Beninstdtat of AfiPhe 

to the Maud of -fhtaeva SemiaoeofliniBL twautvAhree 
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active volcanoes lie almost precisely in a right line, 
900 geographical miles in lengtL The disposition of 
eleven active vents, which with many extinct ones, form 
the Kurile Islands, 600 geographical miles from the ex- 
tremity of Kamschatka to Yesso, is also almost an exact 
right hne, which might be prolonged 540 geographical 
miles northward, by takkg in those of Kamschatka, 
which are obviously a continuation of them. Those of 
the Ladrone Islands, again, form a straight line, 420 
ge<^aphical miles in® length ; and the linear arrange- 
ment of those of Java, Sumbawa, and Floris, over a 
length of 1080 geographical miles, is not less exact and 
chfliacteristic. 2dly, Tlieir cmdmt (mocM^im with cmd- 
lines, which is so marked a character, that hardly more 
than one or two tolerably well authenticated instances 
have been produced (and those in regions never visited 
by European travellers) of volcanoes luibitually 
occurring at a distance greater than 300 miles tV<nii thr 
sea. These are the volcanocjs of Peshan and lh>t! h* 


in the Thian Shap Mountains, which the Chiney* 

(cited by ICumboldt) descrite as having bmi 
the pericf^thiy embrace; and one on ’Lake Alakui, 
within the memoiy of man hm ^ n 


||terCd %©iy p^^ionable by the receid nt 

te:SMifens(m (Orienid and p. ^02;. 

e^;:|)6nmweiid9 in Persia, in^teed eoiisldembly 
mjemote bom the ocean ; bat it k (te iie borders 



THE LAND. VOLCANOES. 


113 


the Caspian Sea, in the prolongation of the great Medi- 
terranean fissure, and at the very extremity of a broad 
belt of volcanic activity, now for the most part extinct, 
which, commencing with Iceland, extends through 
Britain, France, Southern Europe, and Asia Minor, 
skirting the Mediterranean, the Euxine, and the Sea of 
Azof, w'hich, there is every reason to believe, at no very 
remote period, to have been connected with the Ca^ian. 

(128.) The number of volcanoes certainly known to 
have been in activity within the last 160 years amounts; 
according to Humboldt, to 225, and the total number of 
volcanic vents, extinct and active, to 407 ; but the real 
number is probably much greater. hL Junghuhn enu^ 
lucrates 19 volcanoes in Sumatra, and 45 in Java; 
and according to M. Laiigel {Rev, dee Deux MondeSy xiii. 
353), there are no less than 900 in the vast archipelago 
uxtoiiding round Borneo from the* Nicobar Islands to 
the Vhilippinea. 

(129.) Besides volctinoes ejecting scori® and lava 
tluirc occur, sometimes separate, sometimes associated 
with the former class, mountains evidently of igneous 
origin, but of which the material (trachyte, A)imte, etc.) 
has apparently issued from the earth iii so ^perfect a 
state of llaidity m •tyU to rm^ bat to fenn rounded 
somairnea d fceat height Pay de Sarcouy, 
in the chaia of y^tfiSimhes^^a is a very eham^ 

teihstio spiibtrij^; and thdl^ny de Ddnm itsdf oonshits 
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of tilis mbtetial, and does not appear ever to have 
been, properly speaking m tru^ion. 

(ISO.) &r the greater nnmber of volcanoes, and 
of the active ones an immense nuyorily, occur upon the 
coast-line of the Pacific^ regarded as prolonged by the 
drain islands and the Australian coast down to Van 
Sittnen’s Land and New Zealand, and even to the active 
volcipoes of Mount Erebni^ and the extinct one (?) of 
Monnt Terror, in South Victoria. Thus viewed, indeed, 
the Pacific may be coitsidered as bordered by an almost 
continuous line of recent and extinct volcanoes and of 
igneous rocks, clearly owing their origin to volcanic 
actiom Along the whole chain of the Andes, in Central 
America, and in Mexico, almost all the loftiest peaks are 
vdcanic or trachytic, and the earthquake and eruption 
are normal, and not exceptional events. Along the 
northrwest coast of the American continent, the chain 
of newer igneous formations is almost continuous, and 
in Oregon attains an immense development; nor an- 
active volcanoes of great magnitude wanting hui <ml<j 
Hum ihtwUaim xtm which lie vfon the coast- 

Km contam*. such, viz., Mounts Begnier and St. Helens, 
at the moaHt of the Columbia Myct. The line is con- 
alot^ the coast oi Bussian Amei^ V 
do ■ &iontempo, or Monnt Farrmsi^it’ (14710 feet) 
IM*^13ias (17380 feet),-?^:^^^^*s' Yolc8»o 
in BtssiBn AjsaMm - almost the 
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extreme west point of tlm American continent, on the 
^liAfllran peninstila (which is igneous), the chain is con- 
tinued to Kamschatlu by the Aleutian Isles, where 
eruptions are fireqnent^ and a new island rose in 1814, 
and thence, in almost unbroken succession, by the 
Eurile and Japanese Islands (where outbreaks ate fre- 
.quent and of excessive violence) through Formosa and 
the Philippines down to the Indian Archipelago, where 
Sumatra, Java, Sumbawa, and Floris, exhibit a perfect 
rookery of volcanoes, the scene o^one of the most dread- 
ful eruptions of modem times (that of Tromboro, above 
noticed). 

(ISl.) The east coast of Australia offers no active 
volcano, but it is marked along its whole extent; from 
north to south, with evidences of former igneous activity, 
occurring (in striking resemblani^ with what prevails 
oil the opposite coast in ^uth America) among ^e 
ciystalline and transition rocks which constitute the 
general sea-bord. But the subterranean fires wou^ 
scorn here to have shifted their ground, and takmr up 
new line of action to seaward, at an uiterval of fioai 
1000 to 1200 geographical u#bs ftom thg coa^'^but 
still conforming to its curvUti^ prcdoi^pnil tbs aeries 
JitDujg^ tiis Stdomon Islands, New Hebtides, and 
B^dly to JfTev Zealand. 

-099,) It esettB iatpoesible to discoimect tois ob- 
^tMyayettiiliiile arrangament wi^tto general evidsnoe 
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have aubsequoitly bectaoiie a babitaal volcanic vent, as 
in the case of Tenenffe and VecRmn^ vrhere ilie lemains 
of the old crater or bn&en doms stiU exist* partially 
snmninding and inclosing the modem con& 

(135.) Mean deoaivm of the Ooniiimls, Level Lines, 
Lines of greaUsA and lead Deeimfy, VdLkgs and Ridges, 
Lakes, Drainage £<tstna-^*BaiOmetrieal obsemiions, both 
stationaty and itmerant, assisted of late 1^ that very 
nsefiil and portable form the batmneter called the 
aneroid, -which can Ife read off in a caiti^ or on horse- 
back, have been now so far*extended ovra the whole 
accessible sotface of the globe, as to afford ground for a 
reasonable conclusion respecting the averts elevation 
of the surface of the land above the sea-levd, and a very 
accurate one as to those of mountain chains and sum- 
mits. The conclusion arrived at is not a little remark- 
able, and quite contradictory to former impressions. 
The mean height of the surface of the dry land most 
probably does not exceed one-fifteenth of the mean 
d^h of the bed of the ocean. The following are given 
by HumboUh as the apjanxisuOn hrighte of the centres 
(ff gravity of tiie eenttfimts above the.sea level, viz.. 
Europe fiset* jisia, 118!^ Hmth Amerma 748, Soutii 
Ameriw 1151; Imm whhdr it ffdlowi ^ the mean 
of their sdefa^e donbW these) arti 
iiHS, 2364^ 1498,81^1 W fiwi Africa, 
!finht fiat kaow oi its interior, the at^lftional 
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light lately thiowE^OB it by Dr. ZiviDgstone^ is probably 
intermediate between Europe and Asia, and its mean 
height may therefore be reckoned at 1800 f eet, so that a 
general average of the whole would give about jhis 
last-named height for the mean hei^t above the sea- 
level of the surface of the whole land. A rise of the 
ooean level, therefore, to this extent would submerge at 
least three-fourths of the existing area of the land. Jit 
is remarkable for how moderate an item the great moun- 
tain masses the world figure in th^general result The 
Alps, spread equally over the surface of Europe, would 
raise the general level no more than 21 feet (Humboldt) ; 
and the vast mountain chains of Asia, so treated, would 
afford a superstratum of only 150 feet thick over that 
continent (Ansted), the elevated desert of Gobi, 128, and 
the whole plateau of Thibet, with its flanking chains, 358. 

(130.) If we suppose a series of level lines marking 
out elevations above the sea, rising progressively by 
stops of 100 feet, these of course would be the coast-lines 
of the land left outstanding were the sea to rise by such 
successive degrees; and if we suppose the same con- 
iiiiued below the see-tevel we. should in like manner 
obtain the d^ressed Ihus we shb»ild covet 

our chart of the woMd iHth a series te-enitoting emwea 
or ovals, more or less fteinp^ end 

each cavity being suifkaifed a Series Of 
the one series '^i^eiisir^ a 
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r Where the same level line makes a loop by crossing 
‘ itself (at what may be termed a jugal point [juguni], we 
(have a cd \collwm\ or moontain-pass aorm which lies 
the^lowest, shortest^ and steepest conn^ by which it is 
possible to pass out of one basin into another, or from 
bne branch of a basin to another branch, and along 
which is the shortest, highest^ and least inclined path 
i^m summit to summit 

(137.) Two descriptions of Hues intersect the level- 
lines of a country at right angles, vis., lines of water- 
sched (wasser-scheide, separation of the waters not 
vfdA^r-shed the slope down which the waters run), or 
ridge-lines, and valleys or river-courses. The former, iii 
proceeding downwards from a summit, intersect the 
level-lines at their convexities or greatest horizontal 
distances from the summit, and are, consequently, the 
paths of gentlest declivity, or the longest lines of descent 
from a higher to a lower level The latter inters<xt 
them in their ebneavities, or least distances, and are the 
lines of greatest steepness or swiftest descent, and, of 
course, those chosen by streams whose erosive ecti<»n 
is perpetually deepening them. Where, the bottom of a 
basin li^.s above the searlevel, or, if lower, is separated 
from the sea by inclosing iidge lines, it becomes hiled. 
wholly dr in part, with water, and eomrtiliites a lake, 
with or without an outlet If wholly, the Water a 
vent at the lowest jugal point or lip, and tlie lake 
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becomes a feeder of a river, or in some cases of several, 
issuing by distinct outlets, as in the instance of the Lake 
of Yojoa in Honduras (Squier). In this case its supply 
exceeds its evaporation. In the contrary caa^ the area 
occupied by the water ac^usts itself so as to effect an 
^equilibrium between the evaporation and supply. The 
•former case is that of infinitely the most common occur- 
rence, and lakes thus fed from a number of upland 
sources, to which they serve as reservoirs, issue in- 
rivers, or, if above the limit of •perpetual snow, they 
become “ nevda ” in glaciers. The latter case can 
never happen in moist climates, since, however laige 
the basin, and however high the lip, it must at 
length become filled, and overflow; but in arid regions, 
especially in very elevated districts, in which the 
habitual siccity of the upper atmosphere* comes in aid 
of otherwise favourable local circumstances, it is not 
uncommon: as, for instance, in the Lake of Titicaca; 
on the lofty plateau of the Desaguadero in Bolivia, 
upwards of 12,000 feet above the sea; in the Salt Lake 
of Utah, on the elevated region north of Mexico ; in the 
Lakes Tchad,, 'Ngami, and Nyassi^ in Africa, etc. ^ut 
the most remarkable instance of suck a **^ontinent^ 
basin,” or one in w]bieh all the wat^ run inwards, ter- 
minating in inland seas und salt lakes {for, owing to the| 
perpetual of the dramage water by evap^ 
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/ ration, such inland collections of water are of necessity 
( ' more or less salt), is to be found in the great continental 
basin of Centred Asia, an area of nearly 3,000,000 square 
miles, which includes the Caspian Sea, the Sea of Aral, 
and a vast multitude of inland rivers of aU magnitudes 
which feed them and innumerable other salt lakes, such 
as the Lakes Van and Urumiah in Armenia, the Lakes 
of Balkasch, Issikul (or Touz), Alakul, and Kezilbasch, 
in Turkistan, the Lake Lob or Loph in Upper Tar- 
tary, etc. etc. Of these, some are situated on elevated 
plateaus, but the Caspian and Aral Seas are situated 
in an extensive depression, an area of several hundred 
thousand square miles in extent, a^^u^y below the sca - 
^ev^ the surface of the Caspian -itself being 84 feet 
below the Black Sea. 

(138.) A still more remarkable instance of (lepressi<*u 
below the sea-level, and consequent internal drainages 
resulting in a lake of almost saturated trine (wliich is 
also the case with that of Utah), is that of the Dead Sea, 
in Palestine, fed by the Biver Jordan, the level of who^r 
surface has been satisfactorily proved to be no less than 
1312 feet below the Mediterranean, froi^ which it is 
separated only ]yy a narrow belt of land, occupied by t!a 
of Mount Lebaaion, about fifty miles in bjptadib, 
pan be little 4<^btthat the Jordan at some foiim, * 
the of Akabab, in the Bed Se^i, 
and tif ^w t^iug into a deeper valltfy, <»-j' 
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the connectiaa cut off by some geological change ele- 
vating the southern .part of the valley; the sea-water 
continued to occupy this basin, which, when the gulf in 
question filled the valley, extended to the Lake of 
Tiberias, the surface of which being 983 feet above the 
Dead Sea, its salt water has been all washed down into 
.the latter by the river flowing through it Such a barrier 
ouce in existence, the increasing specific gravity of thfe 
water would counteract the efiect of subterranean peiv 
eolation from the Mediterranean •(Fox). The waters of 
the Dead Sea have a specific gravity of 1.24 (Marcet), so 
tliat were a narrow channel of communication opened 
at a depth of about 7G70 feet below the surface of the 
Mediterranean, the two seas would remain in equUihrio 
l»y equality of hydrostatic pressure. 

(139.) In the upheaval of any extensive tract of land 
from the sea, hollows fitted for lake basins cannot fail 
t^) bo left If the upheaval be rude and paroxysmal, 
r« suiting in the formation of mountain chains, and 
tiooompanied witlx fracture and dislocation of the strata, 
such hollows will be deep, precipitous, and narrow in 
proportion to Jtheir lengtL Such is the geneijd charttoiter 
uf tlic lakes in mountainous i^ons—of the ^isa lake^ 
for instance, those North Italy, dF Cumberland, “West- 
luordand, and SooUmitd, eto^ Oa hnttd, where 

the upheaving foroee lmro «otod 
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pioduciiig extensiTe pirns and low s^pes, lakes will 
not only be more numerous, by reason of the less erosive 
power of running water to drain them by deepening 
their outlets, but will affect more rounded forms, and 
cover the country with shallow pools or ponds void of 
all picturesque beauty, as we see exemplified in Poland, 
and in the districts between the Gulf of Finland and . 
the White Sea, which are almost connected by a great 
chain of shallow lakes, some of them (as those of 
Onega and Ladoga) very extensive Occasionally, too, 
lake basins come to be created by what may be called 
accidents, as by volcanic ejections barring the courses 
of rivers, as in the instance of the Lake of Aidat, near 
Clermont in France, produced in this manner by the 
lava of the Puy de la Vache damming the river Sioule. 

(140.) Every line of watersched continued down- 
wards terminates either in a lake or in the sea, and 
always (of necessity) in a promontory, or more or les.s 
projecting tongue of land, or salient point of coast line. 
The area, Iwunded on the land side by one continuou-. 
line of water-sched, and to the seaward by the sea itself, 
constitutes ^the drainage basin of whatever river flows 
into the sc^ between its extreme promqntoim 

(14L) river ^ises and wat^'^ched lines then 
fotni ft double system of aOmeatious. fibe aa& bianebiug 
oot i^vlpwest cftvities or pits, for the most part 
conceal l^w the sea; other the mouiitain 
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summits. As the river branches can never be traced 
up beyond a certain degree of Qunutenesst nor the ridge 
lines below the sea level, these two i^stems have no 
common points, the fibres of one being always inter- 
posed between those of the otherrso that, in the absence 
of one system of lines on a chart, it can always be 
approximately traced if the other be correctly mapfted ; 
and thus the limits of basins of drainage admit of being 
assigned, and the area of a country divided among its 
several rivers, the courses of rivers being generally much 
better laid down than the mountain system of a country. 
For a list of the superficial extent of the basins of the 
principal rivers of the world, according to the best 
authorities, as at present known, and the lengths of 
their main streams, see Appendix. 

(H'2.) Oentral Distribution of Mountains . — When 
we cast our eyes on.a complete and well-executed set of 
<liarts of the mountain systems of the world, such for 
instance as those in the Physical Atlas of Mr. Keith 
.foliiiston, it is impossible not to be ^struck with the 
I'ontiust exhibited between those of the New and Old 
World. In the former, besides a general direotion of 
tbo groat monntain chains approximating to a meri- 
ilioiml one, wp find a continuity, unbroken except in a 
f'<nv .small intervals in the narrow isthmus connecting 
the two Amerioai^ cS a ya^ and eztanriy precipitous 
bun of very devind modfilaina, vixadiag ftom the 
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Arctic Ocean almoet to the extremity of Patagonia, 
including 180® of latitude, or 7200 geograplucal miles 
(8280 statute miles), skirting along the western coast of 
that immense contment, closely following all its flexures 
in the southern half; and in the northern, opening out 
somewhat more, it is true, in breadth, and decreasing in 
average height, but still preserving the same general 
character of a lofty mountainous western border to a 
vast expanse of eastern lowlands. And throughout the 
whole extent of this border, we perceive a most distinct 
and unmistakeable tendency to a system of double or 
triple ridges nearly or exactly parallel, not here and 
there for short distances, but extending for hundreds of 
miles in succession, and resumed again and again when 
interrupted. In the Old World, on the other hand, we 
find no single well-defined continuous chain nmiiin.u 
throughout, anuch less following the coast line, but a 
broad belt of mountainous coun^ traversing the who!^ 
mass of land in a general direction nearly at right angU > 
to the meridian^ and carried through the heart ol' tin 
continents, from the extremity of Europe and Nortli 
Africa across to the western shores of the Pacific, L»i 
the European portion of this system, linear prolongatinii, 
except in the Pyrenees, is very fiir from (iistiurtly iiuli 
cated Gntb© <K>ntraty,divaricati(mandembranf hiiuuit 
ate there the dte features, as they are especial iy 
so in udith«eciste^ i^on of Asia; and it require^i 
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some determination in tracing connections, to follow put 
a leading line through the Pyrenees, the higher Alps, 
the Caucasus, and the mountains of Elbrouz, through 
the Hindu Eoh, up to the great system of Asiatic moun- 
tains which enclose the plateau of Thibet. Neither is 
the principle of parallel association carried out with 
•anything like the same precision and sequence in the 
old as in the new continent. Along the Caucasian, and 
Elbrouz range, and as far as the termination of the 
Hindu Koh, this principle is prefty clearly maintained ; 
but from the point in Little Thibet, where this last- 
mentioned system forks out into the two great chains of 
tlio Himalaya and tlie Kuen Lun, which enclose the 
table-land of Thibet Proper, a greater degree of inter- 
lacement and confusion prevails, and beyond the termi- 
nation of these ranges in Assam and on the Chinese 
iroatiur, the mountain system of China and south-eastern 
sia spreads out like an immense fan, in some of whose 
rjuigt^s a high degree of parallelism is preserved among 
eimtiguous members, while in othe^ the branching 
< barHi’ter pmvails quite as conspicuously. 

( i 43.) of Ammca . — In describing 

nm\) pariiaulariy the sev63:al partial systen)^ of which 
1 iiese great subdivjaiona consist, we shall begin with the 
more simplo~ihat of the new woridL Commencing 
with the very extremity tpf the .ooulhefn jpOntment^ or 
what may be oomldeied its netumi polongatioiv % 
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Terra del Fuego, we find already a most rugged country, 
with lofty peaks, and glaciers descending from them, 
one of which, “Mount Sarmiento,*^ attains the elevation 
of 6900 feet On the main land, though it can hardly 
be said that a continuous mountain chain borders the 
whole of Patagonia, we find lofty single peaks, such as 
“Mount Stokes” (6400 feet), a country generally moun- 
. tainous, and an excessively rough and broken coast, 
full of fiords like those of JSTorway, of immense depth, fed 
by glaciers descending from the high lands above — the 
perpetual snow-line here descending as low as 3000 
feet above the sea-leveL This, however, does not pre- 
vent a great luxuriance of vegetation below^ that lijiiit, 
extreme humidity of the climate favouring the 
growth of forest trees, which clothe tlie mountains from 
the coast upwards. ^Vhat may properly be called tin 
Cordilleras, commence in latitude 47^^ about the (iulf 
of Penas, and extend thence close to the coftst line ti§ 
Mount Ilebecan (latitude 4r-kj ), inciuding vjdcani* 
peaks such as Yanteles (8030 feet;, Corriobado (7510 , .aeJ 
Minchinmadava (8000), already entitled to 1>e ivganb d 
a$ lofty mountains. At this point the bnJcen 
and its copiplicated injsular barrier ceases with the hh^ 
of €Mk^ or rathar the same system of formation 
CQil&med on the mainland by the addition of a border- 
ihg belt between the Andes and the sea, terminated in .i 
gmiiilie roc^ barrier skirting the Chiliaa coast Herr 
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the Patago nian Andes t emunate. and the Chilian c om- 
m^ce ; and &om this point vre find, interposed between 
the cordillera and the sea, a slope of land continued up 
to the equator, nowhere exceeding 120 geographical 
miles in breadth from the coast to the actual ridge. 
Hence, too, the chain itself gains a great accession of 
height. Already at Valparaiso occurs the gigantic por- 
phyritic peak of Aconcagua, the loftiest of the wl\ole 
chain (23,910 feet) ; but the chain continues single 
(wit)i a slight appearance of latfiral parallels in the 
Sit'rra de Velasco, and the Pamatina ridge, at 75 and 100 
geographical miles respectively distant eastward from 
ilu* main chain) till it reaches the 20th parallel of S. lat, 
when' the Chilian Andes terminate, and the Bolivian 
( oinmence. Along their whole extent the summits of 
the former range attain and surpass the snow-line, which 
l ises rather suddenly fwm 8000 feet at Valdivia, in lat 
41)' S. to 12,780 at Valparaiso (33® K), between which, 
about the parallel of Concepcion (36® 40' S.), a cones- 
jfonding change of climate iroin extreme moisture to 
cxctvssive drjmcss (a consequence of the change of pre- 
vah‘nt winds),- tikes placf, and furnishes a gatisfactory 
<'xphination of the phenomenon. 

(144.) About the 20ih parallel, near a point marked 
i^y the lofty volcanoes of Oualotieri (21,060 feet), md 
Sahama (22,350), the chain which hod so far followed 
H precise meridional direetmm to the still 
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aeconipimTiiig the coast huae; bat it 19 noir aanKeci eaat- 
bya great parallel dudn, the Goi^eta Beal, com- 
mencing at Potoei, the highest dty in the world (being 
13,350 feet above the sea), and nemr whidi, at a level of 
16,150 feet, is one of the richest silvan mines known. 
Ibese chains indude between them the Plateau of 
Bolivia, a great table-land upwards of 130,000 square 
miles in extent, and 12,700 feet above the sea level, 
forming the internal drainage-basin of the Desaguadero, 
in which is placed the lake of Titicaca, already men- 
tioned, and which is part and parcel of a considerably 
more extensive “continental basin,” of which more here- 
after. The chain of the Cordillera Beal is also extremely 
lofty, and full of high peaks and ridges, among which the 
non-volcanic mountain of Illimani attains an elevation 
of 21,150, and that of Soiate 21,290 feet. It pursues 
its parallelism with the main chain (in which alone the 
great volcanoes and domelike trachytic igneous laoua- 
tain-masses occur, and in which are the active volcaiiee> 
of Aiequipas (20^20 feet), Uvinas (1 6, 000), Viejo (20,500, 
and Chipicani (19,745), up to the knd Pasco, a great 
ganglion, as it were, of the ^stera, in lai lO® 42' S., 
•iiid ^cefsivel^ rich in silver mme% %iai: Which point 
tl^ ehmn, preservit^ Him the other two, 
ik'si^ peradfelism with the coiMft filaim which 

'irdles, sad^Mliinf N, 
Mome distenee, tife bdeg known 
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as the eastern, central, and western Cordilleras of 
Peru. 

(145.) From the termination of this triple arrange- 
ment to the equator, and somewhat beyond, the Cordillera 
is continued in a double line, or rather in a series of pairs 
of parallel ridges about thirty miles asunder, separated 
by cross ridges, and placed exactly conterminous; in 
the northern part of which are situated the great 
volcanoes of Chimborazo (21,424 feet), Cotopaxi (18,875), 
Antisana (19,137), Pichincha (15,924), and Tunguragua 
(16,424), a group unequalled in the world. These 
enclose the elevated valley of Quito, about 200 miles in 
length, with a mean elevation of 10,000 feet. The city 
itsoK is 9543 feet above the sea, and contains, or once 
did contain, 70,000 inhabitants. 

(146.) The equator passes across the Nevada of 
(Joyambe, a beautiful snow-clad cone, not volcanic (at 
least not active), of 19,535 feet in height, and imme- 
diately north of it^ the phenomenon of a triple, and 
iH^arly parallel mountain-chain is resumed— thbse of the 

c^ie^tern, central, and western Cordilleras of Peru. In 

\ 

the cciUrd GordiUem occur the great volcanoes *of 
rnractS (17,084.f^)i and Tolima (18^20). 

(147.) It espaeial remark, that tne amst 

wMterly of itoe dittiit not oontinno as a k>% 
iimntej»aa{^ tiba of Buiap, hut dies 

•mt in a suoMH^ ridgcis; 
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while the easteni^ deserting its parallelism, curves 
rounds with a eircular sweep, to the eastward, and forms 
the littoral chain of Venezuda, terminating in the 
peninsula of Paria, or prolonged into the Isle of 
Trinidad The Sierra Nevada of Santa Marta, near 
Cape St, Juan, on the Caribbean Sea, 19,000 feet in 
altitude, may be considered as an outljring prolongation 
of Jhe middle chain. Whatever the forces which have 
elevated this vast mountain system, and however they 
may stand in connection with those which, probably at 
a much earlier period, have raised the chains nprth of 
the isthmus, there is evidently a breach of eontinuit)", 
or at least a diversion of activity at this point. 

(148.) The Andes, from their very commencement 
in Patagonia, slope rapidly, but not precipitously, to 
the eastwmd by a series of terraces consisting of 
secondary strata, which run out to no veiy great 
distance from the chains themselves, and tcnninate 
in the vast expanse of low countiy occupied by tin* 
tertiary formations, and by the alluvia marking ih* 
lower courses of the great South American rivers, 
closed area or continental basin spoken of in ait. 14 K 
extends cgi the east aide of the loftiest from lat, 
14® 10' to 80® 40' S., or about 1600 geegpriphie^^ juiK s 
Jtagth, with an averige breadth of 120 geographical 
an area of nearly 200,000 stjuare 
contain beside the lake of 
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Titicaca several other smaller lakes, which are salt 
This basin may be considered as occupying two distinct 
levels; the surface of Titicaca being more than 12,^0 
feet above the sea, while the southern portion of the 
basin (if indeed it be really such, which seems a little 
doubtful) has a much lower altitude. 

(149.) The mean elevation of the South American 
Andea according to Humboldt^ is 11,830 feel; and the 
extent of surface covered by their bases is 531,000 
square ge(^raphical miles. The/ present the extra- 
ordinary phenomenon of great communities of men, 
subsisting in wealth and comfort, at an elevation at 
which the inhabitant of the plains finds respiration 
difficult Besides Quito, the city of Cuzco, on the outer 
mid northern edge of the Bolivian plateau, at. an elevar 
tion of 11,384 feet, and once the capital of the Incas, 
uud the seat of an early and high degree of civilization, 
still contains 50,000 inhabitants; and the silver mines 
of Pasco, at an elevation little inferior to those of Potosi, 
attract into their neighbourhood a numerous and active 
population. 

(150.) The narrow isthmus which connects the two 
• ontiuents, under the general appellation of. Central 
America, presems the character of precipitous descent 
to the sea on its west side, end' is studded along the 
coast of the Pacific with volcanic mountains laoken into 
groups, and intermixed with massetrt' of disconnected 
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table-laiid. The principal of these groups are those of 
(Josta Eica, known as the groups of ITragua and Sala- 
xn^osL, succeeded by a great chain of volcanoes along 
the west coast of Honduras, Nicaragua, and Guatimala, 
among which are those of Agua, 15,000 feet in height, 
and Cosiguina, which, though less lofty, became in 1835 
the focus of a jfrightful eruption, the ashes of which 
were carried even to Jamaica. 

(151.) Entering upon the North American expansion 
of the isthmus, we find in Mexico a singular volcanic 
group extending almost precisely east and west, and 
from sea to sea, consisting of very elevated mountains, 
viz.— Colima (12,000 feet), Toluca (15,54*2), Popocatepetl 
(17,717), Iztacihuatl (15,705), Orizaba (17,374), and 
Tuxtla. With these the active volcanic series scorns to 
terminate, and what may be called the regular niouii- 
tain system of North America to commence. IndotMi 
this line of volcanoes seems scarcely to belong to ila 
coast chain, but to be of later origin, cutting, as it dot s 
across its direction almost at a right angle, and hiidin/ 
its probngation in the Antilles. 

(152.) To understand the mountain of Nortlt 
Westem America, we must conceive two coast 
rimilar to that wlrieh bounds Ihe continent 

tm eMmi aisd a w^rtern, the lailsf elevaiion 

vtA Meg betMiK Umob tite bromt 
of tbew^ JO 
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marked out by a system of mountain chains, running 
generally northward, but converging towards a central 
knot or gan^on, about the 4Qth parallel of latitude, 
near the sources of the Arkansas river, and at a point, 
at present of some political interest, as affording almost 
the only practicable access from the east by. rugged and 
difficult passes to the Mormonite settlement of Utah. 
These branches, of which the principal are the Cordillera 
of Cohahuela and San Luis de Potosi on the one side, 
and the Siena Madre prolonged •into the Sierra de 
»s. Juan and the Sierra Verde on the other, enclose and 
sustain between them the high table-land of Mexico 
from 6000 to 8000 feet above the sea (Mexico itself is 
7482 feet), and on the eastern side slope down to the 
flat country by two groat terraces of 4000 and 2500 
Icet average respective elevation, occupying the eastern 
I nations of Texas and Kansas, a country of exceedingly 
sterile and uninviting character. From this knot or 
L^anglion, marked by high elevations, lately become 
known as Long’s Peak and Pike's Pe^, and by the 
orokon ranges of the Bow Medicine mountains, betweai 
auil across which the direct railway route to Califon^ 
from the ea^ may one day come to be traced, main 
< iuiiu of the l^lQr CUpiiewyim Mountadiis is con- 
tinned in » a and dmost 

unbrokfia ooaiaa Idver 

in the Arotie Ootim. M 





136 


'PHmOAL OEOGBAFinr. 


several very '~igh peaks, such as I^monl^s peak (13,568 
feet), “Mount Hooker” (15,700X and “Mount Brown” 
(15,990) lespectirelj, in altitude. Above the 45th 
parallel, however, the chain forks out and sends out a 
lower branch into the Columhitui territory, which runs 
generally parallel to the main chain as far as 60° K., 
and between the 50th and 60th degrees is again accom- 
papied by another parallel chain above 300 miles in 
length, which divides the interval between the coast 
line and the former thain almost equally. The distance 
between the eastern range of this great barrier of moun- 
tains and the Pacific varies from 300 geographical miles 
at its two extremities to 800, .where it recedes farthest 
inland in 40° K., and encloses the basin of Utah. 

(153.^ The western coast-range commences north- 
ward with Mount St Elias (17,850 feet) in 60° N. lat., 
and Mount Fairweather (Cerra di Buon Tempo) (1 4,782), 
and follows the coast-line with as much fidelity as tin- 
southern Andes, never receding from it more than 150 
geographical miles; and is continued under the nanu’ of 
the Cascade Mountains, and the Sierra Hevada, down to 


and along the whole Californian peidnei^ In latitude 
35° N,^early opposite Point Coito^Niaion, it sends olf 
a branch northwards, nixming )^^ main chain 

and the coast mq^tains, about ^j^ niiles in length. 


L8ttikiDg||r phentrpae^ parallelism of 


which the Andes have afibml^eo iaar^.inst^ 
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(154.) Between these two barriers lies a plateau of 
elevated land, comprising two remarkable districts — ^the 
Oregon territory, in which a vast development of vol- 
canic activity appears, at some remote period, to have 
subsisted, and the great saline plateau, or inland basin of 
Utah, whose elevation is from 4000 to 5000 feet, and the 
• waters of which, having no outlet, form a series of salt 
lakes, one of which, lying close to the settlement so called, 
is of considerable extent, and almost saturated with salt 
(155.) Neither the northern wasts of> America nor 
the interior of the continent cany those outward and 
visible signs of violent and paroxysmal upheaval the 
western mountains suggest; nor do any extensive 
mountain ranges exist in the northern, except in the 
immediate vicinity of the eastern sea-bord, along the 
coasts of the United States. Here we find the St Law- 
rence delivered into the Atlantic along a wide valley 
skirted on the north by the Watshisch Mountains, a 
range of no great elevation, extending from the north- 
east extremity of Labrador to the M^tassin Lake, and 
teiTacing down by two subordinate parallel ranges to ^e 
valley, and on the south by the Ndtre Damef the Green, 
the White, and tho Adironbeck Mountains—^ series of 
low interrupjjed pitraflel of hills, among which 

ate some which to the 'di|piity of mountains, as 
Mount Wilshlii|^- (6428 feOl), Mount Katahdin 
(5860 feet) in Msme, which st^ otii apart from the 
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general range. These hills are separated firam the more 
important eastern of the Appalachian and AU^hany 
Monntains by the vaUey of the Hudson Biver, which 
cuts across them, and which, doubtless, at some earlier 
period, extended up to the Gulf of St Lawrence, cutting 
off Hew England, Hew Brunswick, and Hova Scotia 
from the main-land. 

(156.) On the southern side of the Hudson com- 
mence the mountain ranges of the Alleghanies, or the 
Appalachian %ystem, a series of several closely parallel 
chains, much cut across by transverse valleys, affording 
outlets to numerous rivers running through the states of 
Pennsyl^wiia and Virginia, and dividing the Carolinas 
from Kentucky ; running south as far as the 33d parallel 
of latitude and forming a belt of about 120 geogi-aphieal 
miles in breadrii, and nearly 800 in length. The slo])( 
of these hills to the sea-bord comprise some of the finevt 
districts and the most fertile and diversified country in 
the United States. The ranges themstives have a meitfi 
elevation of 255$feet^8nd in few phtc^ exce<‘d .*1000 
or 4000 in he^hl^ and appear to have no central doim. 
nant axis ol elevatirm, but to form an excellent cxompi i- 
fication oftMr. Ht^dnh views of the aetiOB of upheaving' 
forces extending over an area mm^ loi^ than it> 
brradth, wloclt he has shewn to have a tebdan-y t-> 
Icatgitudinal fissures, out across h > 
to thtmi. 
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(167-} The AU^jhany moiintaia system belongs 
chiefly to the older and newer Palaeozoic, the Silurian 
and Deyonian groups of rocks, being flanked on both 
sides along its whole length by bands of the- carbonife- 
roos series, which on the west expand into a vast tmri- 
tory full of coal measures, the source of immense present 
and future national prosperity. Further e^tward, below 
the cai'boniferous limestone, crop out belts of meteor- 
phic and crystalline formation, preserving a parallelism 
with the crests of the mountain ^dge on the one hand, 
and with the general direction of the coast on the other. 

(loS.) The mountain systems of the east side of Soutli 
America differ from those of the northern continent, 
in consisting almost entirely of metamorphic and crys- 
talline rocks; and from that of the western coast in 
exliibiting little of that systematic tendency to parallel 
arrangement (except along the coast of Brazil) which 
is so (xmspicuous a feature of the latter. They form 
i^wo distinct systems, that of Faiimd and that of Brazil 

(159.) The mountain system of Parimd occupies an 
araa from a little north of &e equator to about N. 
latitude, and ficom the 60th. to the 60th jneridiin .of 
west longitude, OMnpdphg: ^ Wde distxkt of Guiana 
between the ,of liili AlBiMtiin «md Orinoco, and 

forming the watMpqhed beiiween the lower portions of 
the basins of oihsv grttit rives, li Hmt^ts.of a plateau 
of from 1500 to 2000 ^ in height (if gcai^ and ciys- 
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talline and rises to a series of mountain chains 
variously Erected; those known as the Sierras of Ima- 
raca, Pajearaimo, and the long southern boundary of the 
district (Sierra de Acaray, Triputa^ or Tamucarague), 
running nearly east and west> while the more westerly 
members of the group (the Parim4 and Maigualida 
Sierras) affect a meridional directioiL The whole system 
rises ^e an island (as no doubt at some earlier epoch it 
was) from a vast tertiaiy district, which completely sur- 
rounds it, being, however, very narrow on the coast side, 
but developed inland over an immense tract There are 
only two mountains in the whole formation which rise 
to any great elevation — that of Duida (7149 feet) at the 
western extremity, and Roraima (7450), near the centre 
of the district 

(160.) The Brazilian mountain system occupies a 
coast line of nearly 27® of latitude, from the most 
easterly projection of the continent nearly to the mouth 
of the La Plata, and extends its ramifications JSOy 
geographical miles inland, separating the waters of 
Amazon River from those of the La Plata, The (X)ast lijio 
for nearly tfee whole extent of this system is granitic, 
and a mountain barrier (under the names of the Sierras of 
Espinhago, Pedade, Trios, Gran Mogol, Almas, Chapada, 
and Muribeca), consisting principally of crystaJEne mk 
other 'fhan f^anitio, upheaved by the protmion of the 
latteTif rtinisi ftbm Bio Janeiro in a nory^wt direction. 
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at an interval of about 200 geographical miles from the 
coast, separating the coast rivers from the basin of the 
San Francisco Mver, which runs parallel to them till it 
escapes through a break between the Sierras Muribeca 
and Caiyris, between which latter and the Atlantic run 
two other chains, preserving an exact parallelism with 
it.* The line of mountains is continued, as the Sierra 
Vermolha, diverging somewhat from the sea-line, to the 
north-east coast near the mouth of the Paranahyba 
Piiver. The mountains of this principal barrier line are 
pretty lofty, attaining in the Peaks of Itambe 5960 feet 
flat. 18° 40' S.) and Itocolumi (5750 feet) Oat. 20° 25' S.) 
(which gives its name to the mineral Itacolumite) and 
Itabira (5250 feet). The mountains of the Corcovado 
rfhJ the Organos, near Eio Janeiro, are remarkable for 
their picturesque beauty and the rich development of 
M'getable forms which atlom them and indeed the whole 
of this region, and clothe their ridges to the summit. 

(ICl.) The interior of this mountain district consti- 
tutes a plateau of vast extent, whose m^ elevation is 
iiliout 3200 feet It is intersected with chains running 
ill very VTirious directions. The Cordillera Grande runs 
for too geographical miles from north to south, precisely 
along the SOth meridian, and that of the Montes Pyre- 
110(18 for 150 ekhotly east and west The diamond mines 
of Brazil are situated on the stoipeal of the Espinha^fo 
range, and the ruby, topa*, and tuneraid are also the 
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produce of the BtazQiau mountam Gold is washed 
down from the mountain by almost all the Brazilian 
rivers - but it is chiefly in the province of Minas Creraes 
that the richest gold deposits and the finest precious 
stones are found. 

(162.) European, Mountains . — The mountains of 
Europe have been divided into six principal groups, or 
systems— the British, the Iberian or Spanish, the Alpine, 
the Scandinavian, and the Sarmatian. The mean height 
of the surface of Eflrope, as we have seen, is 1342 feet, 
so that an elevation of the sea level of 1000 feet would 
submerge by far the larger portion of it. In fact, such 
an elevation would insulate Scandinavia, and cover at 
least two-thirds of France, the whole of Belgium, Hol- 
land, Denmark, North Germany, Prussia, and Poland, 
together with the whole of Bussia, up to the Und 
Mountains and down to the Black Sea, with exception 
of that small and insignificant group of low hili.s whicli 
under the name of the Valdai, oonstitate tiie “Sarmatian 
System,” and which sufiSce to afford a watcrsched lin- 
to the basins of the Birina andfhTeva, which deliver 
thdr waters into the White Sea mid the Gulf of Fin- 
land, apd to d^emrioe tlm south-west course of tlmsc of 
the Dnieper and V%a. 

( 168 .) ^ &itjih itjfUtam is ho f»y rsBuukaUn r»i 
the Iri^begt summhB in its sevml oompartiuont^ 
beh^ 'len Scotland (43tih 
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feet), and Ben Wyvis in jRoas-shire, Cross Fell in Cum- 
berland j[3388), Snowdon in Wales (8557), and Curran 
or Cairn Tual in Kerry, Ireland (3410). Only along the 
western coas<>-line in England and Wales is there any 
considerable tract attaining 1000 feet above the sea- 
leve], and scarcely any point of the eastern or midland 
comities reaches that elevation. The north-western part 
of Scotland beyond Loch Ness is, generally speakiig, 
above that level ; and the chain of the Grampians, which 
stretches across the countiy from^N.E to S.W., has 
munerous ridges from 2000 to 3500 feet in height. In 
Ireftind tliem are but few points which exgeed 3000 
fuct, and those, as in England, chiefly along the west 
coast 

(1(34.) Hie general (iirection of the Scotch mountains 
(\vhicli consist chiefly of crystalline rocks, with here and 
tlu ve, in the Grampians, true granite), as well as of the 
deep cleft of Loch Ness, wliich cuts across the country 
i Voiii sea to sea ; and the exceedingly rectilinear character 
"f this, and of the strike of the formations of the whole 
of Scotlaud, aad e^fcially of a greaii Mt of tiappopn 
ani^l biuialtio fonnation which crosses from idbs Fri^s 

Forth and Tay aciow the ohannd.to Aatriai in Ire- 
lami (where it is doitelosed in the magpifietot eolon- 

retnarkable featainM. The nig{^ ttahu» of the ojniiitiy 
alTords, both in the west of ^ostihiBid! tod .the aoilh- 
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western counties of England, lakes and other scenery 
of exquisite beauty. The same character of a general 
north<^astem strike of the geological formations, which 
is supplanted in the northern counties of England and 
in Wales by a meridional direction of the leading emi- 
nences, re-appears over its southern and eastern portions, 
as well as in the great contraction of breadth in the 
island between the estuaries of the Severn and the 
Welland. 

(165.) The Scandinavian mountain system has the 

same general north-eastern direction. It consists mainly 

* 

in a series of lofty and broad plateaus, intersected by 
deep valleys cutting them down to the sea, where they 
form a coast-line of excessively rugged character (art. 
103). The chain extends along the whole western coast 
of Norway, from end to end, upwards of a thousand 
miles, under the names of Hard-angar, of tlie Langefield, 
the Dovrefield, or Doffrines, and the Kiolen Mountains ; 
the highest summits of which are the Schneehutten 
(7520 feet), in lat 62*^ K, and the Suliielma (62(M)\ in 
lat. 67'" 20' N. The greatest par* of them n 

the limiUof perpetual snow. A considerable p^uiion * i 
this raqge consists of Silurian rocks. 

(166.) The Iberian Moimiam u 

gteat rectilinear barrier (the Pyrene), the Vmnim, 
and Devonian strata, with soime gmnhii 
masses (especially towards the easiom part of the chain), 



THE LAND : ITS MOUNTAINS. 145 

extending from the farthest western point of the penin- 
sula (Cape Finisterre) to Cape Creux, the farthest east. 
It is very lofty — no less than 970 feet in mean eleva- 
tion, and has several peaks exceeding 10,000 feet in 
lioiglit, viz., the Malahite or Nethou (11,168 feet) Mont 
rcrclu (10,994), the Cylinder of Malore (10,899), the 
Miiladetta (10,886), and the Vignemale (10,820). Spain 
itself is generally high land, having a central plateau of 
nearly 2000 feet in elevation. Besides the Pyrenees, it 
lias several other mountain chains — the granitic chain 
of the Sierra de Guadarama (prolonged into Portugal by 
tlio Sierra Gredo which rises to a height of 10,552 feet 
and tlie mountains of Gdta, to the S. d’Estrella) — the 
TolrJo chain, wliitdi culminates at Guadaloupe, and the 
Su rra Xeviula, which skirts the south coast, and rises, 
in the pt iik of iMulha^cii, south-east of Granada, to the 
\trhM of 11,604 feet 

1 107.) The mountain system of North Africa belongs, 
hviously, to judge from its goneral parallel direction 
rA\i\ elevation, to tlie Spanish group of the European 
' 'nnalion. It consists of three subdivisions, the ibost 
‘ c and of which is the most soifthcrn, and 

nuts gcau rally parallel to the Mediterranean coast., at a. 
di>ianr‘e ol‘ iV(»in 100 to 180 geographical miles, following 
t lie ( uvvature the Atlantic sea-bord outside the Straits 

tliluultar, through Morocco where it rises to the 
iH'ight of 18,600 feet, or abw the hne 
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snow. This chain continues eastward to the Gulf of 
Cabes at the confines of Tripoli and Tunis, and would 
seem to be a continuation of the Apennines through 
Sicily. The middle range, or rather succession of ter- 
raced heights and table-lands, interspersed with moun- 
tains rising from the lesser or coast range to the interior 
and higher, comprises the best and most habitable parf 
of jN'orth Africa, including Algeria, while the lesser,, 
commencing opposite Gibraltar as an offset from the 
great chain, and risfng there to a very considerable 
altitude, runs first inland, then returns to the coast 
about Oran, and continues along it as far as Ti ipoli. 

(168.) The Alpine is the highest, most extensive, and 
most complex of the mountain systems of Europt*. It 
connects itself with the Pypmees, through the mountain 
districts of France west of the Ehone, — the Ce\enno<, 
the Pay, and the Vosges Mountains, a district gen^uall} 
elevated above 2000 feet, but rising to peaks of 
feet (Puy de Sancy), 6093 (Plomb du (yantul), ami 
in the Puy dc Dame, the mountain on which the a* ( reu * 
of barometric pressure was first observ ed by PiL^cui in t i:- 
middle of the seventeenth century. Tius‘ di^^trict, v. h irlt 
cjonsists in large measure of granite and crystaJlin*- r> ^rk 

4 

is iinll of vestiges of most ktense volcatyi; wtidii, ;<u!l 
f^jd^eate, in the chain of the Puys near Ch-rniv!.-. n\ 
the Mont IPor, and in Aoveigne and the Vivamn, iiiuii i- 
tttdes of cones of sooriffi and ashes uppaiH^nily 
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fresh, together with trachytic domes (Puy de Dome, 
Sarcouy, etc.), basaltic colonnades (of which tliose of 
Chenavari, Entraigues, Expailly, and Jeaujae are the 
most remarkable) and plateaus of immense extent whicli 
occur in a country of most picturesque beauty, affording 
the most accessible and agreeable field for the study of 
volcanic phenomena which Europe affords. East of the 
lihono the mountains become more elevated, and through 
the Dauphine and Grenoble mountains, or, as they have 
Ijcen called, the Cottian Alps, connect themselves with 
llu' gr(‘at system of the Pennine Alps, of which there 
arc two principal distinct chains separated by the upper 
lilione. The southern and loftier, or the Sardinian Alps, 
iu wliich are Mont Plane (15,744 feet), Monte Itosa 
i l'JTt-), ami the Matterhorn or Mont Cervin (14,836), 
;ind the m.^itleTu or Iku’iiese diain, tlie highest points of 
wliich are. the Finsteraarhorn (14,026), and the Jungfrau 
' Those unite in a central knot at St Gothard, 

{i‘ *m wliicli, spreading eastward, extends a wilderness of 
I 'i’ty ])eaks and ridges through the Gri{?ous and Tyrid to 
Hic (Uof kner on the eastou (‘.xtremity of that province, 
tVom wliidi point, as from another centre or ganglion, 
hraut h.^.s ramify in various directions, the chain of tho 
ihii }i Alps extending north-eastward towards Vienna, 
and other chains proceeding east and south-east, and 
ucceonpanying the coast line of the Adriatic, under the 
ufimes of the Julian, Catnip and Dinaric Alps, a range 
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whose mean altitude may be reckoned at above 5000 feet, 
and which rises in Mount Kom to 9000, from which part 
off innumerable ramifications, covering the whole region 
south of the Danube to the utmost confines of Europe. 

(169.) The system of the Eastern Alps (the Slavo- 
Hellenic system), however, mainly diverges from the 
Sharali Tagh (10,000 feet)* in two directions. The Pindus 
chain running southward, traverses Macedonia, Albania, 
Thessaly, and Greece, down to the extremity of the Morea, 
and comprises in its course the most celebrated sum- 
mits in classic lore, Olympus in Thessaly (9749 feet), and 
Parnassus (8068). The other, or Balkan chain, mns east- 
ward along the forty-third parallel of latitude to thc^ 
Black Sea, which it encounters near the Gulf of Bmugjis 
and the promontory of Eniineh Burun, consistiii,:/ in its 
highest range, of the rugged and almost iiapassabh'. chain 
of the ancient litmus (8874), parallel to which, Jyin^j 
directly east and west in the latitude of Constamiuoph . 
is the ancient lihodopo (8313). The whole is luggr 1 in 
the extremest degree, and the broken outline of Ur* ( ? 
full (>{ deep bays and harbours, and admirably ad.q>ti il 
for a maritime centre, as well m tho multitude of inland- 
in the Aichipelago, with the sheltered coasts of Th‘ 
on MB side, and of Asia Minor on the other, tetiiy to 

, Perb«|w fiir» in ,«ii ow ecdxiNKts. U 

tte imefeat 3c*r«Jiui »r of tte msge, m 4in> 

niimtaifk Tar|[»y in ^«cejrt Olympttji ainl tW toi m 

adjofidug group, SOOO 
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the continuation of the mountain system in the same 
general direction beneath the sea-leveL 

(170.) The great southefti chain of the Pennine Alps 
descends with precipitous rapidity on the plains of Pied- 
mont and Lombardy, aixiund which the Cottian range 
pi'olonged into the chain of Maritime Alps, skirting tlu* 
^Gulf of Lyons, makes a vast circular sweep, and, crossing 
over Italy nearly to its eastern coast, embraces in its 
circuit the basin of the Po, and runs down the whole 
loiigtli of the peninsula, as the chain of the Apennines, 
attaining (it is said) at one point, Monte Como, near 
A(|uila, an altitude of 1 0,114 feet. Xor does it terminate 
with the Italian peninsula, but may be considered as 
})roIoiigcd into Sicily, running across the north of tlie 
ij^lirnd from east to west, and having for outliers the 
active volcanoes of Vesuvius, the Lipari Isles, and Etna, 
'ric' ridge of the A])ennines is of secondary limestone-, and 
tiaiiked on both sides, and laigely interspersed, with 
Icriiary st rata, and along the west coast of Italy with 
Nolcanie rocks, l>oth recent and ancient. 

(171.) Of the Alps Proper, one of* the most striljpng 
characters in contrast with other great chains, is the 
absence, of plateaus. Where the principal;, 

chains meet, ianfead of endldaii^ as in similar circurn- 
st ances in America and Central like 

IWivia, Ut^lisui find quite the. esyeree^ 

deep open vall^s, giving tb Am winin ^tem a deffiKto* 
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out-branching character. In their eastern ramifications 
this feature is modified, and among the Balkan group we 
find elevated districts of conliderable extent, from which 
the higher summits rise as from a vantage ground. 

(172.) The base of the higher Alps is calculated by 
Humboldt to cover an area of 24,300 square geographical 
miles. The principal chain, that of the Sardinian A]j)s, 
consists almost entirely of gneiss, mica slate, serpentine, 
with here and there granite, and other rocks more or h ss 
allied to true granite ^ that of the Bernese Alps is for 
the most part of secondary limestones, oolites, etc., nun h 
disturbed and altered by heat. North of the liigliei' 
ranges occurs a broad zone of tertiaiy fonuation, and 
towards France the Jura limestone is so develojK'd as 
have received its name from the mountains in whii. h it 
occurs. The Alps are considered by geohigists 
gained an ac(XiSsion of nearly 4000 feet in height siin ^ 
the tertiary period. 

(173.) Tlie gn;at plains of the uortliH^ast linu pc 
are separamd in a very decided manner from the la n. 
slope of the Alpine region, by the chains of tiic Her vni.u , 
and Gaipathian Mountains, which form m oval i a in 
(that of the upper Danube and Urn Theiss), inenudu.*- 
Bavaria, Austria Proper, Hungary, and Tmnsylvank, uu. I 
which connect themsidves withiha^M^ by tli* 
North Balkan, a naitow.p^^ open ut 

Orsova for the Danube. Sterne of the Car|)athiim 
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tains are of considerable elevation, as the Eisthaler Thurm 
in the Tatra group (8632), the Lomnitz Point of the 
same group (8420), in the northern, and Pojano Ruska 
(9012) in the southern part of their chain. The Transyl- 
vanian system is remarkable for its mineral riches, 

(174.) The great northern plain of the eastern con- 
^tincnt is unbroken almost to the extremity of Siberia by 
any elevation worth mentioning, except the Ural chain, 
\vhicli mai'ks the division of Europe and Asia, and wliich 
runs do^vn in an exact meridional direction from the 
70tli to the 48th degree of north latitude, forming a recti- 
linear and nearly unbroken chain of 1300 geographical 
miles in lengtL Indeed, it may be considered as extend- 
ing" nearly 400 miles farther, to the extremity of Nova 
Zombla, making a considerable bend in its course at the 
arctic oiicle. It consists, along its western declivity, of 
tlie olilrr paheozoic rocks, upiuised by a line of meta- 
morihic formation, along the whole length of which 
oixwY at intervals a series of newer igneous rocks, which 
w ouM apjx^ar to have broken through at the time of 
upheaval, while yet forming a coast *line, or chain, of 
inlands ; at the southern end, for a considerable dis- 
t aiic<\ granitic or otJier analogous rocks appear. Scarcely 
liny mountain r^|ion is moie rii^ in nMneti produc- 
I urns, gold arui naUy produced in its 

tontral portioM^; {tnd Inren in its southern. 

No part of th» is yeiy elevated. - ' Ihe Koustanti- 
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now Kamen (lat 68® 300 being 6000 feet, the Koniakofski 
Kamen (lat. 60°), 5397, and the Iremel (lat. 541° 20') 
5075 feet, nor does it exhibit any of those rugged arui 
precipitous features which attend mountain chains in 
general It would seem as if the upheaving force, 
whose general feebleness is manifested over the whole 
of tin’s vast region, had barely been able along tliis line 
to overcome the superposed weight, and break out to da\ , 
but not to shatter r»)cks or throw up cones. 

(175.) The transition from the great European ni**un- 
tain masses to those of Asia, is through the 
plateaus of Asia Minor and Armenia, um* 1 the innuutiuii 
chains of the Cauca.^usand Elbrouz, bevoinl wlaeli, toihp 
north, the level sinks at onc(? to that of the lowlands • I tlir 
great northern area. Asia Jlinor presents several r».n~ 
siderable mountain chains, the. jaiueipal <4 ;>! 

that of the Taurus, which runs along the 
and rises, in Mount Argons in Karamanici, to \ 

and the Anti-Taurus, bordering the Euxiue, wl iri- : > , 

point (Argischtagli) attaiuH KIOOO. Asia Mirio!. e 
over, offers the first .striking instance iu 
ward, of the general tendency to rise iir e}ov\it . d | - e! 

and table-lands, which distiugitishcs tin- incdiid . i 
the greareastom contiuMit. The iiii/im ibrvuiion ..i' sh. 
mujhce of the whole i)eninsula is net less thnn JlilSO i. 
with a central depression whicli, though not safikimi t- . 
fonn a basin (fee country being intemeted with m.m y 
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valleys affording an outlet), allows the collection of nume- 
rous lakes, many of which are salt, one of them at Tutzla 
of considerable size. 

(176.) The plateau of Armenia is still more elevated 
(7000 feet). It occupies a belt extending across the 
neck of Asia ilinor behveen the Caspian, the Caucasian 
range, the Euxine, and the Mediterranean. It has several 
very lofty eminences, among others, Ararat, an extinct 
volcano, 1 7,21 2 feet in height, the summit of which is 
always covered with snow. The Oaucasian chain itself 
runs ahaigthe imrth-ejistern coast of tlie Euxine and the 
soullieni ,>h(»rcs <»f the Caspian. Jls highest points are 
.Mnvint Klhrouz, a volcano still shewing some faint signs 
of activii}’, 18,403 feet, and Mount Kasbeck, 16,523, 
and the still, though torpidly, active volcano of Dema- 
wcud, 1 K605, not far from Tehcmn, the capital of the 
iVr.siau cm]ar(\ 

(177.^> are now fairly entered upon that great 
aicccs.>ion of table-lands and elevated plateaus, which 
.jiv(‘a {HTuliar tlmracler U) the eastern continent, and 
whirl,, a('c<>rding to the opinions of tl’e best geologists 
*‘xistcd as sucli ant(*i'iorly to the protmsiou of the gr^.at 
mountain cluiins which run across them. The general 
dircrlioii of this seri(‘.»s of elevated districts (which com- 
pi tdienda the whole of Arabia^ Armenia, Persia, Afghanis- 
tan, Thibet, and Upper Tarfany, as far. as, and beyond 
the desert of Gobi into MongdliaX is from W.S*W, to 
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E.N,E., while the general direction of the loftier moun- 
tain ranges, commencing with the Pjrrenees and ending 
with the Himalayas, is from W.N.W. to ES.E, forming 
an angle of from 45® to 50° with the former — a very 
significant fact as regards the geological history of the 
continent, and one to which, it appears to us, sufficient 
attention has not been paid. 

(178.) Arabia consists generally of very elevated 
land. Along the eastern and central parts, an elevation 
of 7000 or 8000 feet has been assigned to it ; but this is 
perhaps exaggerated, no country being so difthmlt of 
access, and offering such obstacles to exact deterniinatioTL 
Its general chamcter is that of excessive aridity, ami 
all but complete absence of rivers, and, in the interior, 
of any running water whatever. Towards tlie soutlieni 
coast it becomes somewhat lower, and a little less ijiliu. - 
pitable. The Louskebir and Seger mountains, wliieli .skirt 
the south coast, range from 3000 to 5000 f(*et in iiei'^hr, 
and are rather to be regarded as the terminaimui ul' Ti!-- 
interior plateau than as chains jr/er $e. At tht; . nufk 
east comer, in Yemen, they retn^at a littln am ]r:t\r 
some room for cultivation, and for the coumi ut niu* 
the only two streams which can be called a rivfu* in ih.' 
whole of this vast country, whose general aj>;a 
less than 720,000 square geogmphical miles. The. 
coast* from Aden to Medina* along the lied Sea, in skirL vl 
at 8 4irtancc of 100 cr 150 mile^ by an contimn 
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ous range of mountains, which extend as far as Medina, 
from whence to the GuK Akabah the coast-line is low, 
and admits of the passage of the caravans to Medinah 
and Mecca ; but the mountainous character recommences 
at this point with Mount Sinai (7498), Horeb (8593), 
and Urn Shoniah (9300), granitic and slaty masses, inter- 
Siicted with basaltic dykes, and plunging dora like huge 
towers and buttressed fortresses on the narrow plains or 
‘‘ wadies,*^ which form the only habitable portion of the 
coiintry. Arabia is crossed from the Red Sea to the 
Persian Gulf (from Mecca to Lahsa, celebrated for the 
peai’l fisheries of Bahrein) by a mountain axis, along 
\vl lie'll lii'S one of the few lines of route by which the 
•Icscrt can be crossed, and from which a small river 
(lie only otlier Arabia can boast) descends to the Gulf 
<'f LiIisiL The plateau of Arabia may be regarded as 
( niitimied across the lied Sea (which runs up it as a deep 
i'iit unrrow rectilinear cleft about 150 miles in breadth, 
;iuii i:]()0 ill length, from Aden to Suez), into Africa, 
1*' 1‘orm the lofty table-land of Abyssinia and Upper 

Ethiopia, wlnvre M. d’Abbadie has ascertained the exist- 

\ 

1 uci' tif lUDuntains 14,000 to 16,000 feet in height. ' 
OTO.) The plateau of Iran, which comprises about 
000 square geographical miles, is also very ^evated, 
less tm’thut Aia^ ^Its mean height may bo 
stated at about 8lKi0 feiBk, tmd, hkc^Aiabia, its interior is 
almost entiidy destitute of nymn^ind parched and deso- 
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late to an extreme degree. The line of the Zagros moun- 
tains, which forms the watersched of the Euphrates on 
its east bank, continues along the Persian Gulf into 
Beluchistan, and nearly to the Indus. It consists of a 
series of bordeiing ridges running parallel to, and sepa- 
rating the narrow sea-bord of that gulf from an iinmenso 
inland or closed basin, to be more particularly describe/i 
hereafter, and of whose entire extent the whole this 
region forms but a very small fraction. On its iiortLeru 
limit, the Persian pluteau runs up to the rangi.* (d' iiKnin- 
tains bordering the South Caspian, which may Im* con- 
sidered as prolonging the Caucasian ninge thi*«>ngh Mcx- 
anderan and Khorasan to the lofty chain of the Tlimlu 
Kho, or Koosh ; being, however, rather a mural limit 
the extension of the table-land in that diri.ctmm tli::;; 
an independent mountain chain. Its junction v. i:li ti*. 
much more lofty and continuous chain of thc lfiii'ii' Ki, , 
is at Herat, which stands as it were in the Oaic . i . 
from whence to Kuttore, at the eastern corm r i f l.ir : 

Thibet, the incipient chain of the Kuen I.uji ■! li 
* ♦ 
north (of which the inoiuitfiins in question iii;r» i 

sidered ajjrolongation), and tJio termiml outlyin,, . uj- 

nences of the Hindu Kho on the south, run i :u li! 1 i 

m * 

nearly 500 mdes. The entrance to India fr^iin U. rjit, 
however, lies to tho south of both these ranges, ihrou. li 

A^han&tan hjr the pum of tSsbal, imtnediat. !>■ 
at^aeOUt to fhe hrfly peak (1^,282 feet) of the Hiluiu 
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Kho, the mountain which gives its name to the whole 
chain, and between this and the Sufieh Koh, the road 
lies along the Khyber Pass (of disastrous memory) to 
Pesliawur, on the Upper Indus. 

(180.) At Kuttore, about lat 36° 40' N., long. 72° 40' 
E., the chain of the Kuen Lun, considered as prolonged 
westward in that of the Hindu Kho, and the Himalaya 
range, considered as prolonged in the arc of a vast circle 
nortli-westward into the Bolor Mountains, cross each 
i)(1h r : and from hence up to the Ibices Eewan, or E’akas 
and ^Uiuasarowar, at the eastern extremity of Thibet 
rroj.H V, in wliich tlie Sutlej and the Ganges have their 
liighesr recognized sources, these two great chains inter- 
l:i(v nnd ramify in a vast ganglion of mountain masses of 
tliv lirst magnitude. In the eastern corner of this knot 
iind tlu* elevated valley of Cashmir, an almost closed 
<.i* an oval form, surrounded on all sides by the 
mountains, and 5800 feet above the sea, and in 
ilu' internal the chain of the Himalaya rises to the alti- 
f t *36, 069 feet in the p(‘ak of Jumiiotri, and 25,749 
in I hid of Naiula-devi, the mean altitude being"' from 
h^,()00 to 20,000 feet Tliese as is thtf case with 
Jnnfd of the loftiest summits of the Himalaya, stand out 
id some distance aotuihward from the main ridge, with 
which they by long spurn. Pursuing 

thence the line of tfes .chi^m proyince of 

hJepaul, where it skirts tibie distrietB of !^emaon, Sikkim^ 
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and Bhotan up to Assam (a total length from Kuttore 
of not less than 1300 geographical miles), it comprises 
within its range a most astonishing series of lofty and 
snow- clad pinnacles. At least 40 peaks exceeding 
Chimborazo in altitude are enumerated in its course; 
among which we may name Dwalagiri (27,600 feet), long 
supposed the highest mountain in the world, which 
stands out from the general chain where the valley of 
the Gunduc Eiver intersects it about the 83d meridian, 
but whose supremacy has been supplanted by two other 
summits at least, viz., Kinchinjunga (88° 30' E.), which 
overhangs the Lacheh pass into Tliibet (28,1 78 feet), and 
Gahurishanka, Chingopamari, or Deodunga (at pivsent 
considered as the culminating summit of the W(;rldj 
in long. 86° E. (29,002 feet). 

(181.) The Himalaya and Kuen Lun ranges aOrud ;i 
parallel on a much vaster scale to the ]>heiionii jinfi 
exhibited by the great mountain ranges both <;t: Xoi tfi 
and South America. From their point of inb/rsccti'^n at 
Kuttore to the 93d meridian, they open out intc^ an ovui 
expanse, about 500 or 650 geographical mila.’i ^ 
which is 6coai>ied l>y the plateau of Tlalmt, tin- lufi i. t 
inhabited region in the world, having, in its wvrivui • ! 
lowest portion — that occupied by the district of 
~m average elevation of 12,000 feet, and in its 
or highest portion, 17,000. Fifteen tlmusand feet may 
be tak^ as the avispage height of this wonderful pkteati. 
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which serves as a base for a mountain system of its own, 
and which extends over 166,000 square geographical 
miles. On either side of it the mountains sink rapidly 
—to the north into the inferior but still elevated 
plateau of Upper Tartary ; and to the south, by three 
gradations of inferior mountain ranges, running parallel 
ti), ami sending as terraced bases to the great central 
masses. The first descent is exceedingly abrupt,, so 
much so, that in Bliotan, the change of level is upwards 
of 10,000 feet in ten miles, being, in fact, in many places 
filmost a mural precipice. The substratum of the Thi- 
i)otiau plateau consists of secondary formations, but 
much of the surface is composed of quite modern 
(h^triius, ill which ave found the fossil remains of 
(‘]c]>liaiits, rhinoceroses, and other animals of the latest 
tmiiai V In the pass of Niti, too, by which the 

.-ucvimI hik(‘s i}f Manasaiowar and Eewan are approached, 
ilic occuTveneo of tertiary beds, already noticed in art 
|jivA(\s the astonishing fact that this enormous 
[tfaloau luis actually been raised from, the sea-level to 
iis pK'sciit elevation subsequently to the depositioh .of 
ihv iM*\v<‘st of* the great geological groups iof strata. 
Tli:U ii liJks been tlmist up bodily through the^general 
mass of the (jontinent is clear— the detritus 

lying in liovizontal b^d»> atod the isemnant of Ihe forma- 
tion thus itmivciiously p here alone, 
1^ where the lofty ridges it on 9 II sides, and 
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the extreme dryness of its new dimate (a consequence of 
its great elevation), have preserved it intact from the 
causes of denudation that have acted on all tlie sur- 
rounding masses, and swept away from the soutli side of 
the Himalaya all but the older strata* With this excej)- 
tion, and with that of a considerable mass of volcanic 
formation in the neighbourhood of the sacred lakes, thti 
higjiest portions of the Himalayas consist of gitinite, 
gneiss, and metaniorphic rocks, and their southern flanks 
of fossiliferous limekones, and other members of the 
older and newor Palaeozoic series — among which the 
Siwalik Hills are remarkable as having furnished speri- 
mens of that extraordinary fossil, the Sivatheriiiia, or 
four-homed camel, discovered by Captain Cnntlc}*. 

(182.) Tlie chain of the Himalayas tenniuates rathoi 
abruptly about the 94th meridian east, whei(‘ it is out 
through by the Brahmaputra Eiver and its trihutarios 
unless wx' prefer to consider it as continiK'd .-oniow}:;!! 
further eastward by the parallel chains of tlir* :\. 
and Khasya mountains, on the opposite sido of t!ir 
valley of the last-named river, at about 120 i h*- 

south; after wliich a system of mountain^lines t'vlhfw in;.- 
nearly ^ meridional dmjction, steetchcKs iidi> Arjiu an 
and the Malayan and Cambodian pcninsnlas, ohu riinc 
th^ir rivers in nearly parallel courjscs dlio 

dhffi for the last 380 geographical milen of its 
exiiil (feoni Daijiling eastward), follows veiy nemrly 
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indeed the 28th parallel of latitude. It is by no means 
correct, however, to consider, as is usually done, the 
whole chain as, “generally speaking, parallel to the 
equator its whole previous course of 960 miles from 
the knot of Bolor, making an angle of 30® with^that 
diitjction, from N.W. to S.K 

. (183.) The line of the Assam and Khasya mountains, 

if prolonged across the valley of the Ganges, would find 
its continuation in the liharaghur, Khymore, and Vind- 
hya juounhiins, a range which septCrates Hindostan pro- 
]>er from the plateau of Malwa and Upper India; and it 
tk serves remark that, so prolonged, the line runs a pre- 
cise, parallel to the Thian-shan, and nearly so to the 
(‘astern line of the Himalaya and the Tengri-nor range 
in Thibet. Tliesi? mountains form tlie northern water- 
sched (^f tlio valley of the Nerbudda, as the Salpore range 
does of the southern, up to the Gulf of Cambay. The 
])eniiisu{a of Hindostan itself is a great triangular table- 
iaml, or oongt>nes of sueli, with intermediate low levels, 
h(umd(Mlor sustained by these mountain ranges on the 
U'n tlnun side, and by the JEastern and 'Western Ghopts 
'»n th(t others.. Of these, the western forms almost 
•outiimous wall, upwards of 60,0 miles long, rising, 
towards its southern extremity, to an elevation of 4700 
hn^t. They support^ as by a series of steep and mural 
buttresses, the piatoaus of the Deccan, 160^ or 2000 feet 
high, and the still loftier talle-land of Wyme (4000 to 
H 2 
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6000 feet), the granite nucleus of which has been deluged 
with an enormous flood of basaltic lava. In this dis- 
trict are situate the diamond mines of Golconda, where 
this precious mineral is found in ironstone, and dis- 
integrated clayey and marly, strata. Towards tlie 
southern termination of the peninsula, the mount^iins 
become loftier. The Nilgheri hills (enjoying the most 
uniform and perfect climate on earth) rise to 87C0 fei l 
above the sea, and form a group in #hich, in a spatn* 
of 40 miles long by 15 broad, 17 peaks, behv'cen 5800 
and 8800 feet high, are enumerated. The East* rn 
Ghauts are lower and less continuous, and the 
level of the peninsula slopes downwards towards 
eastern coast. 

(184.) The Kuen-Lun system of mountains is 
imperfectly known, being very difficult of access tiijm 
either side. It would appear to be prolong<‘d fur hi\n 
China by the Pe-ling and Tapa-ling ranges; and. 
prolonged, would present the imposing fact of a m v u 
tain-range extending over 64® of longitude ir'jm 
Caspian nearly to the Pacific (3830 ger^phicu] uiii 
and nowhere «feviating mm tten 2" in. lutitu-l, i, .: , 
the parallel of 85F. Bat in addition to this, it i; 
otlt a great branch to the K.IL, which, tuider ua);;! 
cd Tn Shan and Kii^iaa Onlah, prolong the 
into tod ovef'Mmtiifiiottm, np to the ^ of Japuii iiua 
tiie mosfiit of the Amor. 
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(185.) The Asiatic chain next in extent and import- 
ance, is that of the Tengri or Thian Shan (Celestial 
^fountains), between which and the Kuen-Lun chain 
intervene the immense, high, and desolate plateau of 
Upper Tartary, and the sandy and rainless deserts of 
Ciobi and Shamo, divided from each other by a deep 
/li’prossion, occupying together 380,000 geographical 
^i[uare miles in area, at a mean elevation, the former 
( rf 3000, the latter of 4300 feet of altitude. This chain is 
ill many respects extremely remarkable; and although 
i .<s elevated, is quite as leading a feature in a geological 
and geographical point of view as the Himalayas, lii 
diivetiou it is almost exactly rectilinear, and 1150 
goographiciil miles in length, from the 72d east meridian, 
where it intersects the Ilolor range, running north and 
s(*uih, to the 97th, and between the imrallels of 41° and 
43 ' X. lat. It may be considered, indeed, as continued 
of the Dolor by the lower chains of Asferagh and 
.Mvdagh to the 60th meridian. And this can hardly he 
t oi].dd{»red as a mere ideal extension, when taken in 
• ouiu et ion with geological relations, for it points directly 
boMirds the southern extremity of the Caspitm, and but 
foi til.* intervening flat mid desert region of Kharesm, 
might be looked upon as a branch of the volcamc chain 
of KUmnu. Ajid, in the most marking feature it 
idlers is the froqwcy;j^;it ^ v<fl vents, mostly ex- 
tinct, but two of whtdb, and Ho-tscheou (ait 1S7), 
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may perhaps be still occasionally active. These mark 
it out to have been one of the ancient coast-lines of ele- 
vation (an indication, on the great scale, quite as con- 
vincing as the tiuces of ancient sea-beachcs on a small 
one) of a former tropical continent, to which the great 
plains of North Asia and North Europe form the same 
kind of appendage as the flat eastern portions of America, 
do to the western coast-chain — a formation, that is to 
say, out of the detritus of the elevated region washed 
outwards into what ‘■was then a gi’eat and shallow 
northern ocean, and which, up to the present era, is iu 
continual process of extension — along the coa>^s r>t’ 
Arctic Asia by the action of river deposit, rmd ahum 
those of north-western Euroi)c by the moj’o m.-tiw 
agency of upheaving forces, the oflects of which iin 
traceable, from century to century, by the bo<]ily upi! 
of the coast-line of Scandinavia, and which, in lie* h-q -i* 
of some twenty or thirty thousand years fVi } - - 

logically speaking, trifling), will, if ooniimuMl, a • 
the Baltic. 

(186.) The Aftai mountain system cover’s an an .i < i 
'^out 35® of longitude and 8® of iatitude^ la tvvu n ;l • 

( 46th 54th pai’allels. Tliey separat<i the J 

rian an(F Mongolian plateaus (of no great e]e\ath?h f: • 

^ the low country of Nortli-East Siberia, lliev con ...v . ; 

I a $etm of ranges? (the Alu-Tagh, Tangnrm, Kianglno-c 
^ and ifeohetodo mountai^^^^ which last, with the mcfun 
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tain knot of Kentei Khan, attain an elevation of 7000 
or 8000 feet), and inclose the Lake Baikal, and tlie 
sources of the Great Eussian rivers, the Lena, the Yenesei, 
and the Obi. In the Tangnou are many eminences 
which rise above the limit of perpetual snow, and some 
ncnir tlie head of the Oubsa rivef, above 1J,000 feet. 
Xlieso inoniitains arc extremely rich in mineral produc- 
tions; and, to judge from the beautifully- executed 
drawings of Mr.^Atkinsoii [Western and Oriental Siberia), 
it would seem scarcely possible foi^any region to surpass 
tlie whole of this mountain district in picturesque 
iK^iuty. Around the Baikal Lake granitic masses 
abound, iuttu-spersed with newer igneous formations, 
and ilr. Atkinson reports an extinct crater near tlie 
Lake Karanur in the Tangnou, with a Qone of ashes 
■sOO feet in liciglit (lat. 53° N., long. 07° E.) From the 
I’aikal the mountain system is continued northward 
Old (eastward, through the Daurian mountains, in a 
liis oi‘ liriiiudu's under various names, as the Yablonoi, 

I Alilau, and JStanovoi mountain ranges (or Kre- 
up (o (Jie furtliost extremity of tho Sea of Ochotslf, 
Old ti rminating in the volcamc system of Kajftschatka, 
^vht re \hvni are several active vents, an eruption of one 
d whi< h (that of Klieutschewsk, lat 56^ S3', long. 160° 
-o; 15,1)55 feet in height), in September 1829, Ennou 
foHunate enotigh to witness, (item um die £rde, 
di. chap. 19.) 
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(187.) African Mountains . — Of the mountain sys- 
tems of Africa our knowledge is very imperfect The 
Atlas system and that of Abyssinia have already been 
noticed. The southern termination of the continent is 
formed of tabular sandstone masses, from 3806 feet 
(height of the Table Mountain) to 6000 or 7000, re- 
posing on slate and granite, dykes of which latter run 
up into the superposed rock The granitic formation, 
which in many places is thus capped with sandstone, 
is very extensively developed in South Africa, In the 
Kamies Berg it rises to 5100 feet in height, and tlie 
whole plateau of the Bushman flat, with a genenii tdr- 
vation of from 2000 to 3600 feet, is gianitie. Tin* 
sandstone (which incloses rolled pebbles of ])uro (juartz; 
is disposed in perfectly horizontal strata, proving tlie 
elevation of the land to have been perfonned with littl*- * 4’ 
paroxysmal disturbance. From the rounded forin?^ of tlu' 
lower eminences, and the wide, sloping taluses, t outin- 1 - *1 
with the mural cliffs above in the loftier ones, in i ;j .: 
at a definite level, uniform over large tracts (d* ( lire. ^ 
we may consider this elevation to have been t! 

in two steps, with a long interval of tidal washin;,: in 
a shallow sea between them. The Quothun]>i ur Sfio,v . 
Mountains, a range rising to the altitude of 10,600 f < l 
run along the east coast northwards toward the Znni h 
riv!w/€3rplorad b/ Dr. Livingstone, being probnged 

the names of the Fura Mountain: . 
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while the chains of the Beth and Lupata, 8000 or 10,000 
feet in altitude, follow the coast of Zanzibar, and a 
loftier and more central chain (the Sierra Maxengo) 
runs north from the 16th parallel of south latitude, 
supposed to rise to 17,000 feet in its highest part. This 
divides into two branches, which enclose between them 
(as it is supposed, from the reports of natives to M. 
Ehrardt, rather than any actual exploration) a great 
interior lake, Nyassi or Uniamesi, equal to the Caspian 
in size, (►f fresh water, beyond wlilfch they reunite and 
form a system of equatorial mountains covered with 
peipetual snow, two of which, Kilimanjaro (lat. 3® 20' 
.S., long. 37'’ 15' E.) and Kenia or Kiguea, very nearly 
nil the equator, in long. 38® E., have been visited by M. 
Ktdniiann and Dr. Krapff. A largo part of South Africa, 
however, appears, from the account of Dr. Livingstone, 
to be occupied by a considerably elevated table-land, 
and towurvls this region the mountains of the coasts 
would seem to dip inwards both ways. From the 
in the direction of Abyssinia, would seem to 
f xtciul h)fty tabkvlands of 7000 or 8000 feet in eleVat 
tinn. Along the west coast, from the Cape^ Good 
Hope northwanls to Cape Negro, occur no lofty moun- 
'ain ranges. Inland* behind Benguela* Congo, and 
D*ango, the laud rises in a terrace, backed by the Sierra 
<himploda, a range l^OOOt ot I5*006 feet in height, 
iHid at the Bight of tlxe mountain 
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attains 13,000, to the north of which the Kong mountains, 
and the coast range of Sierra Leone, are probably to be 
considered an extension of the equatorial mountain 
system, dying out northward towards the Great Sahara 
Desert. 

(188.) Australian Momtains , — Of this great conti- 
nental mass, so little of the interior has been explored, 
that we hardly know anything of its general mountain 
system. So far as we do know, the highest land lies 
along the east coast,' forming a range from Torres Strait, 
continued out southward to Van Diemen^s Laud, nowlK^re 
receding more than 150 miles fi'omthe sea. Though not 
lofty (Mount Koscliiiisko, the highest point, dofrs unt 
exceed 6500 feet), the material of which it (:on>ist.- 
(which is chiefly granite and i)orph}riti(; mixed with 
volcanic rock), gives them a singularly rugged aiul 
inaccessible character, especially eoastvvistg vhile h - 
wards the interior the slope is gradual. The h«.'ighfs nt 
sev(jrid points in this range, determined ])y (.’duju 
S trzelecki, will be found in the Appendix. 

(189.) Of IliVEttS, — yUl rivers owe their luigiu, 
course, to atmospheric precipitation, and iledr 
tudes are in a compound proportion of tln^ area nf tli» ii- 
baeina.of drainage, and the average aiuiuul utimuai oi 
ptecl|)itation. But the greater or lestj deviation trani 
uaffor^ly in tiie volume of water delivertxl ia diilerent 
aeaioii^ which is a feature of the greaieat jin|>oitaiiee in 
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the physical character of a river, depends much on tht 
mode in which the water reaches its channels, which 
may be in either of three ways. 1. From immediate 
surface-drainage, t.e., from rain actually falling, and 
drained off without penetrating the soil. 2. From 
springs, rain-water which has penetrated the ground 
•by infiltration, and collected in subterranean channels, 
which at length open out at the surface, or in some cases 
in the beds of lakes and rivers; and 3. From the melting 
of snow on the summits of mountains during the summer. 
Intermediate between the supply from springs and from 
snirface drainage, must be classed that portion of the 
rain which oozes out at low levels from a saturated soil, 
in innumeiublo rills, not distinctly traceable to any 
perennial spring delivering a visible volume of water. 
The soil, when j)orous, acts as a reservoir, and its \ 
gmdual drainage tends to equalize the monthly delivery 
of rivei*s, and fe(Ml them in the dry season. In climates, 
tluni, where there is no broad division of the year into 
a rainy uiul a dry season, where the ^il is porous and 
iialntually moist, and where the highest levels of the 
watersched ai*e below the line of perpetua]b®«i^w,’or 
where such snow-fields Are not largely developed, the 
rivers are subject to no periodical irr^larfties, but 
only to tiiose which result ftom unusual, loug-contmued 
luinsand dmi^bt^ SueM aie most rivers in the temr 
perate zones* Wham such rivers, til^y 
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depend quite as much on'ithe nature of the soil drained 
as on the weather. The floods of the Ehone, occa- 
sionally so very destructive, arise mainly from the 
sudden delivery of heavy rains on the rocky soil and 
steep valleys of the Cote d^Or and Jura mountains, 
which form the basin of the Saone. Those which, in 
1829, desolated Morayshire, in Scotland, originated in 
no sudden and violent rains, but in a long-continued 
drizzling and misty state of the atmosphere, bringing 
great tracts of heathery and mossy ground to the state 
of a saturated sponge — a state of things which some- 
times results in the breaking loose of peat mosses, as 
that of the Solway Moss in 1772. 

(190.) On the other hand, when tlie rains are 
periodical, and the year divided into a dry and a wet 
season, which is the case with intertropical regions 
generally (Meteorology, art. 112), the livers rise and 
fall periodically also ; the commencement of the rise in 
the lower part of the riveiKSOurse being posterior to tliat 
of the upland rains, owing to the time required for the 
water to descend, and the more so the longer the course 
of thqy::m. Tims, the inundation of the Nile, whirh 
may bejaken as a normal oase of liver periodirity, and 
whose continuance for successive ages as the soimn* of 
a8 Ih^ pioq?^ of the most aamently chilized region 
in tfe wofM, has been an unvarying theme of wonder and 
eulogy, baginyi to be Mt in and Senna&r in 
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April, wliile the rise is not perceptible at Cairo till near 
the summer solstice. In the last 1200 miles of its 
course, the Nile receives no affluents, and the increasing 
evaporation consequent on the progressive rise of annual 
temperature no doubt has some share in producing the 
retardation. 

• (191.) When the watersched line qf a river basin is 
sufficiently lofty to receive and retain abundant snow, 
this acts as a reservoir, and detains the precipitated 
moisture during all the cold season. As the summer 
advances, the snow melts ; and if the limit of ^perpetual 
snow be attained, the supply so husbanded continues 
during all tin? warm season. This may or may not be 
strictly coincident with that from the periodical rains; 
tliough since, generally speaking, in intertropical regions 
these are at their maximum when the sun is most nearly 
virtical, the two causes for the most'part conspire. 
Thus, the Hoods of the Indus depend chiefly on the 
nitdting of the snows of the Himalaya from April to 
•Sejitcmber (but little ruiu falling on 4* lower basin), 
and an* at their ranximum in July. Those of^the\ 
( bulges and llruhmaputra aflbrd on example cf'^.S'ant 
of exact coincidence in this respect, all the^lower 
country ai\jaccnt to them being flooded by very heavy 
niiim ixifore the water ftom the mtdtii^ of Ihe snows 
(which in the Brahntapatni has a vide dmit to maicn 
before reaching the plt(ine) lp tiijiie to awiwt * - 
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(192.) When the level of perpetual snow in the 
watersched is not attained^ its complete fusion sets a 
limit to that supply; and where little rain falls in 
summer, we have mountain toirent-s which cease, or 
afford but^ scanty supply during the hottest months, 
as is the case with many streams in Greece, Italy, and 
especially Spain; with the Orange Eiver in South 
Africa; etc. 

\ (193.) Extensive lakes in the upper part of a river^s 

course greatly tend' to equalize its flow by acting as 
i reservoirs. Thus the St. Lawrence, whicli, with a 
drainage basin of 297,600 square geographical miles, 
has 94,000 of them occupied by lakes, maintains an 
almost perfectly equable flow in all seasons. On the 
contrary, where no lakes eidst, owing to a want of 
surface inequality, and especially where the declivity of 
the ground over large regions is very slight, inundations 
take place on every considerable increase of the volume 
of water to be disposed owing to the want of propin* 
channels to carry it off. Thus the Silvas, or flat wooded 
plains of the basin of the Amazons Eiver (an area ef 
morq^fean half a million of square miles), are for 
most ^art so level and so little inclined, that the tract 
qf country, 17^0 i^qgmpMcal ntOes in hrmlth, from 
the CflSterq declivify of Andtai to Qtmd Kara, hm 
of imd 5^ tmm 
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geographical miles, across the greatest breadth of South 
America, a fall of 16^ only, or 1 foot in 13,000 (Hum- 
boldt, Ask Cent i 90). In consequence, in March, 
when the river is fullest, a very large proportion of this 
vast area is one great standing pool, all the small 
drainage channels having become obliterated in the dry 
season. 

(194.) But besides the detention of snow on .the 
watersched lines of a river basin, the general elevation 
of those lines, and of the district they inclose, is very 
influential in determining the annual average of pregi- 
pitation itself, that is to say, the degree in which the 
ruin-bearing winds, in passing over the river basin, 
become drained of their moisture. Such precipitation 
(Meteorology, art. 110) is mainly determined by the 
vapour-laden air rising to a higher level in its progress, 
dilating, and losing temperature by so doing, a process 
which takes place of necessity whenever the atmosphere 
nf any district is swept bodily the country during the 
moist winds. The height of the watefsched then, and 
its .situation as regards the prevailing moist winds, are \ 
points of primary importance in determining « 

of water discharged by a river. This oonsiderat^n, we 
may observe, is alone saffisfisht render an account of 
Ac giH)at sn<& it rea^ be), that 

th(^ northern lain jhan the 

^uihern, withoiMi to the hypothec 
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the trade-winds crossing at the equator, of which it has 
been adduced as a proof — (Mauiy, PAys. Geog. of the 
8ea,^m) 

(195.) Courses and Scopes of Piws.— The courses of 
rivers are of necessity regulated entirely by the direction 
of the lines of lowest level (art. 137), and are determined 
therefore, by the same causes which have regulated the 
upheaval of mountain chains, and the dislocation of their 
strata. Hence it follows that the courses of rivers veiy 
frequently follow the” escarpments of cliffs abutting on 

or gently-sloping country; such cliffs, when not 
ancient sea cliffs, being usually indications of lines of 
fracture in the act of upheaval, or the out-cropping edges 
of inclined strata dipping from the escarpment inward ; 
and thus it often happens that sudden turns in a river 
course correspond to changes in the geological features 
of the country. ^Vhen a river, too, which has nin for 
some distance between parallel mountain chains, escapes 
‘ by a cross valley laterally, such valley k veiy' enrii- 
riionly identifiable, by the inclination of the strata on 
. either side of it, as a valley of cross fmeture, accfcn- 
panied--with its own peculiar dislocations. And in 
some cases eartbqtiakes have l)een known to <*}*f n 
channels by which the courses of rivers have kn u 
diverteA Jfhe falld of the m described bf 

Dr. I4y{||stotte «pt - 88^, c&n Mn origi- 
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(196.) The velocity of the water in a river is greatest 
in mid-stream, at some little distance below the surface ; 
the bottom and sides being retarded by the friction of its 
bed and banks, and the intermediate water by friction on 
that which moves with less velocity than itself. The 
retardation is greater the more the river bed winds, the 
more it is obstructed by shoals or by irregularities in its 
bottom, especially where shallow ; and thus it happens 
that in the case of an inundation, such as that of the 
Amazon, the slope there indicated, which, if uniform, 
and along a regularly-worn channel, would be quite suffi- 
cient to cany off the water across the country, fails to do 
so. The slopes of rivers are for the most part very 
gentle. Thus, Mr. Reiinie found the fall of the Thames 
from Chertsoy to Teddington Lock to be 17a inches per 
mile, corresponding to a slope of 57^ (one inch per mile 
corresj)onds to 3.26'^. The Nile, between Assouan and 
i'ain), has an average slope of 61 inches per mile (21*). 
La (^ndamine assigns to the Amazons an average slope 
of ()h inches per mile (20\65). The JJanges, according 
to Itenuio, slopes i inches, or 13'.04. The Ehonc is the 
most rapid river in Europe (perhaps, for so long a cou^ 
ill the world). From die Lake of Qenefva to Lyons its 
slope is 4' 24*’, froai Lyipsi to Its mouth, 1' 46^ 13ie 
hverage velocity about 2i miles per hour, 

of the Ganges fixMA- S tpA Ihe velooity of livers, how- 
ever, depends much 09 4«$t^ saul on the 
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body of water conveyed, than on their dope (except 
when much exceeding these limits), as the velocity 
generated by the mere fall of water is almost wholly 
destroyed at eveiy instant hy friction. 

( 1 97 .) ^^ning$--Caves^Thermal and Gasms Springs 
— Petroleum and Naphtha Wells — Gaseom Qrijices, — The 
welling forth of streams from perennial springs is of the. 
most ordinaiy occurrence, but it is seldom more than a 
rivulet which rises in this manner. There are, however, 
some instances of co'nsiderable streams so originating. 
When this is the case, they issue from caverns, and 
these occur usually either in ice or in limestone. In the 
former case they are evidently only tlie drainage of 
melted snow, which pours out at the foot of a glacier by 
the contribution of subglacial streams converging to tlie 
lowest point. Such is the source of the Arve from tlie 
Glacier des Bois/atChamouni, and such that of the (hinges, 
which emerges as a stream, already 40 yards in breadtlu 
from a huge cavern in a perpendicular wall of ict? near' 
the temple of Gangutri (lat. 30"* 59' N., long. 7H ' 5f)' 'VJ 
Limestone formations are very apt to be hollowed into 
caverns Jgy the solvent power of carbonic, and ixnbajk- 
also of other adds derived fromregetaMe decomposition, 
held in^solution mthe percolatii^ water. Such caverns 
often nm to great distances htqiwmW 

cotttam steeams, even riwrs, as i> 

in 
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Derbyshire, and in that of the Nicojack Cave in Georgia, 
U. S., on the Tennessee river, where a waterfall occurs, 
at a distance of three miles under ground {Ed. Pk 
Jmtr., i. 426). When such streams emerge to day, we 
have the phenomenon in question, as in the cavern of 
the Gaucheros, in the valley of Caripe, in Gumana, 
described by Humboldt; in the celebrated fountain of 
Vaucluse, which issues as a considerable stream from a 
cave at the foot of a perpendicular limestone cliff ; and 
in a great number of caves in Camiola and Illyria, 
where “ almost every lake or river has a subterraneous 
source, and often a subterraneous exit. The Laibach 
river rises twice from the limestone rock, and is twice 
ngain swallowed up bjr the earth before it makes its 
linal appearance*^ — (Davy). The rivers Sarapa and 
Blanco, which flow from the lake of Yojoa in Honduras, 
])oth enter subterranean channels, tlirough which having 
]);issetl, in the one case a mile, in the other a mile and a 
half under ground, they reappear. 

(198.) When water, carried down to a great depth 
into the earth, is forced up again by hydrostatic pressure 
through other chaxxnels, and rises as a spring, it brin^. 
>il> tbe temperature of theg^test depth to which it has 
peuetratod, and that cometimes a very high oo^ even 
eul of the of tiny 'roloaoic formation. 

The wann springs njt Brifli a tempeatum from 93° 
to 117 ° Fahr^timse of BMiijls nod Bt^neres 120” and 
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128®. In the counly of Bath, m Viipnia, a “warn 
spring^ (96® Fahr.) issues in sufficient volume to turn a 
mill, and a "hot spring* (108®) rises at a few miles 
distance. Three springs at Yom Mack, near Macao, 
have temperatures of 182®, 150®, and 186® Fahr. re- 
spectively. On the Arkansas river are springs of 180® 
and 190®; at Broussa, in Asia Minor, the water riscj. 
scalding hot; at La Trinchera, near Valencia, 194‘.5, in 
a stream 2 feet deep and 18 feet broad; at Jumnotri, in 
. the Himalaya, nearly'boiling; at Urijino, in Japan, fully 
boiling; and in the Geyser fountains at Eeikiavik, in 
Iceland, it is spouted intermittently, in a torrent to the 
height of 150 . . . 200 feet, actually boiling. In this case 
there can be no doubt of its having traversed a bed of 
lava not yet cold. A simple and perfect imitation of the 
phenomenon is produced by heating the stem (jf a 
tobacco-pipe red hot, and holding it horizontal, tlie huwl 
being filled with cold water. If we consider that the 
temperature of the earth increases at an average rate of 
about 1® Fahr. for every 90 feet of depth, these facts 
will not appear at all surprising. The pennantaK c ol' 
their temperattro is a proof of their obtaining it at great 
deptha. At Mont Dot the very bath exists which was 
coastructod in the time of C«s»r, At Yakutsk, when- 
tile stui ie ftozeii to a ddpth of Atkinson 

infoRias .tw that hot roiiim ia tbeir 
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(199.) Many q)rbgs rise impr^ated with carbonic 
acid,— those of Carlsbad to the amount of 12 cubic 
inches to the pint, and that of Bilin S4 inches. The 
wann spring of Wildbad in Wixtembcrg, contains in a 
pint of water 12 cubic inches of carbonic acid, 7.9 of 
azote, and 8 of oxygen (Daubeny, Report^ etc., B. A. 
.1836). Sulphuretted hydrogen also is no uncommon 
ingredient, as in the sources of Baden, Harrowgate,^and 
St, Amiand. Saline ingredients often enter to a large 
extent, and springs of brine occur' in many localities, as 
at Droitwich in Worcestershire, at Halle in Saxony, 
and at Lunebuig. Other salts of soda also occur in 
abundance; thus the springs of Carlsbad alone have 
boon computed (from analysis) to give out annually 
inoi'e than 13,000,000 lbs of carbonate, and 20,000,000 
lbs, of sulphate of that alkali (Gilbert). Borax is found 
in the lakes of Thibet, and free boracic aeid in the Lagime 
of Tuscany. Lime and magnesia enter as muriate and 
sulphate. Silica occurs in the boiling springs of the 
Ctysers. 

(200.) Springs of petrolenm and naphtha ocQur in 
Xante, in Modena and Tama, in Sicily, and many other 
localities. In the Burmese territoiy, on the Irawadi, 

I here are upwards of 60© wells yiddii^ annually ^00, 000 
hogsheads of {tetepbn:^ In Trinidad there is a lake of 
niiiieral pdtoh UiNe inilM in ekcnmieience, pariily liquid, 
partly sdUd, and 4md hitunen iwes through the sea qiaar 
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that island. Petroleum wdls have recently b^n opened 
over a very extensive district in North jdmeiica, near 
Cleveland, Ohio, and on the banks of Oil creek, a branch 
of the Alleghany River in Ecie county, Pennsylvania — 
also at “Tidionte*^ in Warren county, where are seven- 
teen wells stated to yield the almost incredible quantity 
of 10,000 gallons a day. The oil is pumped up with 
water from shallow wells, mere pits, and, floating on the 
surface, is collected. Tt is stated to burn well and to 
be highly Ivhricating. 

(201.) Carburetted hydrogen gas is discharged from 
the earth in many regions where coal abounds. At Fre- 
donia, in New York, U. S., it is conveyed in pipes for 
lighting and domestic usa In the province of Tsechuan, 
in China, it is also so used. At Thsee-lieou-tsing, a 
single source of gas heats 300 kettles. At Pietra MaL% 
near Florence, carburetted hydrogen rises through lime- 
stone, and may be set on fire. At Bacon, on the Casj>ian, 
flames (doubtless owing to gas on fire) arc often obser\ t,d 
to run over the hills. Something of the same kiml 
is said to occur in the counter between Namur ami 
Xic^e. 

(202.) %rinf9 occatfooally intermit and flow a<-ain 
in KlgCbljr murdo^ |)«ioda. That of Paderbom. m 
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dry, discharges a great flood of water quite suddenly two 
or three times in the year (PM. Tram^ 1741). The 
lake of Zirknitz, near Trieste, is half the year a hay 
field, and the other half Ml of water discharged from a 
limestone cavern. 

(203.) Perpettud Snow , — The summits of many 
mountains are covered with perpetual snow. The cause 
is found in the decrease of temperature in ascending 
from the sea-level (Meteobology, art. 22). The rate of 
decrease being pretty nearly alike ever 3 rwhere, the snow- 
line is sooner attained in high than in low latitudes. In 
Europe, in Iceland, and at the Horth Cape (lat. 7r 10"), 
tlic snow-level is about 2000 feet above the sea. In 
Nonvay, between 59® and 65® N., from 4000 to 5000. 
On the Alps (47°) and Pyrenees (43®), from 8000 to 
‘JOOO. In the New World, along the Andes, commenc- 
ing with the Straits of Magellan, we find it in 54® S. so 
low as 3700 feet> with glaciers descending to the sea- 
lovel; but it rises rapidly on proceeding northward, 
attaining 8800 in 40® S., 12,780 in 33® S., and 13,800 in 
"IT S. Along the ChUlh| Cordillera, from 14}® to 18® 

the snow-level is 15,9(^ feet on the easteiUj, and 
18,500 on the western side—thelcause of the differ^ce 
being the gieater hygwpBetric diymess of the Jeewaii, 
side of flbe rfdgei mA m great eqMtorid range of 
vole 
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the chain in Mexico (19“ N.), it is 14,760. In Asia, 
the snow-levels present a contrast to these quite as 
striking as that between the mountain systems of the 
two continents, with whose general direction and 
manner of grouping they stand connected. Thus pro- 
ceeding from high to low latitudes we find (Humboldt, 
Am Cent, iil 360). 



1 

Lat X. 

i 

Snow-levet 

Feet. 

Aldan Mountains 

60*55' 4476 

5640 5233 

50 — 7034 

43— 10,840 

39 42 14,170 

Kamschatka 

Altai Mountains 1 

Caucasus 

Ararat i 

Mount Argfeus i 

I^ilor Mountains ! 

37 30 i 
3430 

31 — 

17,010 
18,735 
j 20,930 

1 13,070 

Hindu Kho , , j 

Himalaya, l^orth side 

South side ) | 


In Afbica, we have nothing dependable except that 
ill Morocco, Abyssinia, and on the equator, snowy moun- 
tains occur. But in the southern ogean, it deserves 
notice, that not only in such high latitudes as TS* 
that of Mounts liebus and Sibor, but in tlie nuu h 
lower latitudes of South Shefland (62“ SO*), the Sooth 
Saadwidh group (69°), and oven South Georgia (54“ 40'), 
% i«achi!S the 

The snows and ^Mers of the Alps aro 
occupy J4M sqQ#i« miles (fb^ citing 
meltiag e&cd of a hot summer 
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day, taken at three millions of cubic feet per square mile 
per diem,* would afford 4200 millions of cubic feet of 
water, or about l-40th of a cubic mile per diem for the 
supply of the streams running from them. 

(205). The snow-fields on the tops of mountains are 
prolonged downwards beyond their natural and proper 
level, by glaciers^ which are accumulations of snow thrust 
down by pressure, a t^go into precipitous valleys, and 
pressed and hardened by alternate partial thawing and 
“ regelat ion*^ into ice. Their phenonn^na are very curious ; 
but ha\dng been made the subject of a lucid and ela- 
borate special aiiicle in the work to which this essay was 
originally a contribution (See Encgdopoedia BrUannim, 
art. Glacier), by one who, from personal research, and 
long meditation, is probably better qualified than any one 
else to describe and explain them, we prefer referring the 
reader to that aiticle for all that concerns their descent 
and pn)gress. Them is, however, one feature in their his- 
tory whi(‘h especially concerns our subject, viz., the abrad- 
ing and transiK)rting power of glaciers. Every glacier ear- 
th s down with it blocks of stone, and smaller fragment 
wliich it deposits, on mdti^Jn the vaUeys, in heaps 
and mounds of ** moraine," ihisl^^i^bleae sn^b^ the 
angular and little*WQTn ch|Uibetor rf th^ masses. Illieift _ 
Kiiuh gke^ ran to ^ in ktitades, 

* I’hit ra]p|i^ MftinI poww (at' ti» «• 
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utd bieak off, they cany 'with them, as icebeigs, tl^ese 
masses (often d very great sizs), which tlu^ deposit on 
melting at the bottom of ftie sea. (Thus is explained 
satisfactorily a phenomenon which at one > time gave 
rise to an infiniiy of wild speculation— the occurrence of 
“erratic blocks” and granite bmdders, in localities very 
kt from any mountain-masses of like material ; on the 
limestone slopes of the Jura, for instance, with the whole 

a 

valley of Geneva and its lake inteiposed between them 
and their obvious briginal site in the peaks of Mont 
Blanc, or on the sandy, alluvial plains of North Germany, 
with the Baltic intercepting their transport (otherwise 
than by this sort of water-earriage), from the Scandi- 
navian mountains. Geologists seem agreed, that in such 
cases resort must be had either to a formerly existing 
glacier slope at an earlier geological epoch, or to their 
floating off on icebeigs on the bosom of an ancient 
ocean, a process which we see going on under our eye?. 
Often, too, unequivocal signs of glacier action are ex- 
hibited in deeply-grooved and friction-worn surfaces 
of rocks in situ, the evident work of angular fragiaoiits 
forced along them 'with violt^t pressure ; and iu north- 
ern latitudes similar iu&ations (as in the hills north 


^ thff St. Lawrence) testify to the heavy grinding of 
icebei^ drifted along at an qxwh when the whole of 
t^. rtgion toned the bed of a shallow; s^ extoding 



^ the pole. 


We come now to desciflja more 
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particularly the phenomena of rivers, commencing 
with those of the New World, as in the case of the 
mountains. 

(206.) Bwm of SouOi riinencfl.— AU the more con- 
siderable South American streams flow eastward into 
the Atlantic, the narrow strip of western slope from the 
Andes to the Pacific being too confined, and the climate 
for the most part too dry, to nurture anything beyopd 
small mountain-streams. In fact, fmm Valdivia north- 
ward, their whole supply from the snow, which lies 
iu much less abundance on that side. Of the rivers 
that flow eastward, those of Patagonia, from the extremity 
of the continent to the mouth of the La Plata (lat 85® 
S.), are of small magnitude, with few or no affluents, and 
making straight' across the dry and shingly desert ter-‘ 
races of Patagonia for the sea, a region sterile and 
desolate in the extremest sense of the word. Beyond 
i\m\ a total change of character in the river system, 
consequent on the charged character of the climate, 
cojnmeuces, and we find vast rivers, with an immense 
dev(iiopme«t of affluents— the jpdncipal of which^ in 
their order of occurrence, ai% L The La Plata or Parana 

* i % 

—for the foniaer name appertains only to the wide 
estuary of ]&),eno8 Ayres. 2. The SaaTrancisco, ^ 
mouUi is in lO* 40' S. lat & The Paraaahyba (2* 45' 

4. The Bio Para, or Tpoantins (0® 40® S.) ,6. The 
^^Magaon, (a Aataaon, whidr iMy be conadared as 

' ■ i2 ' ■ 
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falling into ilie sea exactly on the equator ; and, 6. The 
Orinoco (8* 40' N.) 

(207.) The Sio de la Eata collects its waters from 
three very different descriptioas (rf country. From the 
eastern slope of the Andes, between the 19th and 25th 
paraDel of south latitude, it receives the Rlcomayo, the 
Vermejo, and the Salado, streams not much explored, 
wbidi traverse salt deserts, and the wild and inhospitable 
r^on of the Gran Chaeo. The Salado is brackish, and, 
as laid down by Commander Page in his track survey, 
exhibits perhaps the most tortnons sinuosities which 
can be found in river navigation. From the north it 
receives the Paraguay, with its numerous affluents, which 
drain the central plains between the 13th and 25t]i 
degrees of S. lat., and the western slopes of the Bra- 
zilian mountain system, the Sierras of Arapares, ('alliano, 
andAmambabi. This is a magnificent river, navigable 
from Corrientes (lat. 27° 28' S, where it joins the main 
river) nearly to its sources in lat 13° S. It Hows 
through a coun^ of most luxuriant vegetotimi, but in 
all the lower part of its coursci is subject to great uikI 
destoctive inundations. The eastern bramh, wiiioli 
carries the nmne of the Parana till it forks into the Bio 
and ^aranahyba (not the great river of thnt 
]i»ae) 'drato % interior a large basin included by 
1^8 sierras mi the oairiy flie sienas jnst mentioned 
ifiesBi and the Ifootei i^pp®Mos ra the north, 
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a district including much of the richest part of the Bra- 
zilian territory. The Uruguay, which drains the basin 
included between the Sierra de Bitoanos and the Albar- 
dao de S. Ana, runs parallel to the Parana, and joins it 
at the estuary of La Plata, a shallow sea of fresh water, 
180 geographical miles in depth inland from the coast, 
end 120 broad at its moutL The total area drained 
by this magnificent river system is no less than 886^000 
square miles. A fine survey of the course of the Para- 
guay has been recently executed (1855) by the govern- 
ment of the United States, under the direction of 
Commander Page above mentioned, in the steamer 
Water witch. 

(208.) The basin of the San lYancisco is contained 

between the coast sierras from Eio de Janeiro to Cape 

St. Koqne, and the mountains parallel to them forming 

the next interior range of the Bitizilian system, the 

Siorras Tiririca, Tabatinga, Goigueha, and S. dos Irmaos. 

Its ( ourse Indween these ranges is generally from south 

to north, and their direction and continuance northward 

would lead, by a natural .couise, to an embouchure oii 

tbo nort h-west coast, beywd the Gape. But about flic 

loth degree of S. lat it turns Middenly to the Eastward, 

and, cutting through three suoc^ive j^raSel 

empties itself m the eaat coast, thus alrardiiigu striking 
• ^ 
illustration of the genenfl |iMtt nofleed in art 166 , since 

the course actuaUf^^ust^ is fteoiady al^ the line 
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of demarcation which, separates the granitic formations 
of this coast from the tertiary and alluvial ones of Per- 
nambuco and Maranham. The basin of the San Fran- 
cisco includes the district of Minas Geraes, the great 
source of the mineral wealth of BiasiL It includes an 
area of 187,200 square geographical miles, and the river 
itself is 1400 miles in length to its source in the Sierra da* 
Matta da Corda. The Paranahyba River, which drains the 
province of Maranham (a basin of 115,200 square miles), 
offers little of interest beyond the facilities it affords 
for internal communication, which, as is the case with 
all the rivers of south America, are the most complete 
and perfect which the world possesses, the whole of that 
vast continent east of the Andes being accessible from 
the sea into almost every corner, granting only the aid 
of steam navigation. ^ 

(209.) The Rio da Para is the joint estuary of Uvo 
great streams, the Araguay and the Tocantins, whuAi 
drain the interior of the Brazilian mountain sy.-tMiu 

following a parallel course on either side of tli^^ nb n 

0 

dional chain of the Cordillera Grande, It eufciM ihr 


sea 80 near the month of the Amazon (being wejtfauicd 
fiom'^itj however, by the so-called island of Marajoa, ot 



miles, behind whkii tlie 


fiiOTdU 


runs from riv^ to river), tjiat it i,, 
an aprent of that river, ©w? Amazon 



riie ktgMt river in the woil^ since the 
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area of its basin exceeds 1,500,000 square geographical 
miles, is M from the eastern slopes of the Andes, &om 
the 2d d^ree of N. to the 19th degree of S. latitude. 
Its most remote feeder is the Apuiimac, which descends 
from the extreme edge of the plateau of Bolivia, near 
Oaillomas, 3000 miles from its mouth (following the 
stream), and among its affluents has many which would 
rank as fost-rate rivers. It enters the ocean by, an 
estuary- 135 geograplrical miles broad and 200 long, but 
which wholly consists (at least superficially) of fresh 
water. It is navigable 2200 miles from its mouth, and 
by reason of the flatness of the greater part of the 
region it traverses, there is but little interval between 
its head waters and those of the Paraguay, on the one 
side, and none between it and the Orinoco on the other, 
inasmueli as one and the same tributary, the Casse- 
iiuiare, belongs indifferently to both river systems, the 
li^vcl being so complete at one point between them as to 
iibliterah' the line of watersched, and establish a natural 
011(1 penuanent canal uniting the two basins (see art 
1 10). The principal affluent of Amacon (consid^ed 
prolonged in its main streatti un^ the naoliBS of the 
^oluuncs, the Maiagnon, and the Tuciatale, to' the 
V).mriiiiac) is toe Madeira, which r^ 
farthest inland raouatains of the Btttnwi qratont'a^ 
•whose course,- fitooi to* Mtotemi^ of the OuidiUeia 
t^eml, where ib'l»v«8 'th8m,''''ie' ^ *' 
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cataracts and rapids down to the plaina The length of 
this river, from its junction in 57* 4(K W. to its extreme 
source in the Eio Grande, which rises among the moun- 
tains north of Potosi, is not less than 1600 geograpliical 
miles; the vast and almost unexplored region between 
the two rivers, and, indeed, nearly the whole course of 
the Maragnon itself, from the junction upward (an area 
of rnore than half a million square miles), being occupied 
by dense and all but impenetrable forests (the Silvas of 
the Amazon), deluged by the equatorial rains, whose 
effects in flooding the country during the northward 
progress of the sun have been already described (art. 
193). Besides the Madeira, the Amazon receives as 
tributaries the important rivers of the Negro, the Tapajos, 
and the Xingu, the former extending towards the 
sources of the Orinoco, and forming a junction witli it 
by the Cassequlare, as already mentioned, the two hitter 
draining the interior basin between ilm w;it» vsc lu ds 
of the Araguay, the Paraguay, and the Madeira. 

(210.) Thebagiuof the Orinoco includes tie- weste rn 
slopes of the mountain system of Pariine, and tie- 
eastern of the Cordilieras of New Granada. Xoitli 
the equator its supply of water, area for an?a, is even 
guntfSf than tl^t of the Amazon. For, in the interior 
bf Guiana^ 660 miles from the coast, when full, it 
ttoe breadth, and the ri.se of the 

pari of its course, in the periodical floods, 
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is from 30 to 86 feet These floods take place in that 
half of the year when the sun is north of the equator 
(the course of the river lying on that side of the line), and 
the quantity of rain which falls on the area must be enor- 
mous, probably not less than 200 or 300 inches annually. 
(Mrs. Somerville, indeed, states it at 1000 inches, we 
know not on what authority, but if this be correct, it 
can only be that the rain which fall^ during one period 
of the day, in the wet season, is in gi*eat part evaporated 
in the other, and, in fact, that the same water falls over 
and over again.) Where the Orinoco leaves the Parimd 
mountains at Atures, its course is broken by falls and 
rapids there and at Maypures, which, though not deep 
enough to merit the name of cataracts (being only 30 or 
40 feet), have attained celebrity in the picturesque 
<lescriptiou of Humboldt {Aspects^ i. 219), from the vast 
volume of water poured down, and the singularly rugged 
nailing of the ground. At these falls, too, there are 
manift\st indications of the course of the river having at 
miu) former period been elevated from 160 to 190 feet 
abow its pr(*sent level 

(2Jl) Mvers o/ Forth Ammea , — In North, as in 
‘South America, all the great development of the 
hydraulic system is on the east side Of the Pacificv.'jnj^i- 

, • . ' *' ■ (s 'VSflrt , 

tain chain, the North Amerioan Andes, as it znay fit- 
tingly be desig^ted. Towards the Pacific, howsver, 
owing to the broader extent the 
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Btipanis are not so stinted as in the Souths and we find, 
too, the Colorado and the Columbia, which merit the 
epithet of great riveia, the former (which falls into the 
Gulf of California) having a basin of 170, 000, ^he latter 
of 194?, 000, square iniles,~stream8 which, however, 
derive greater importance than belongs to their mere 
magnitude, from their representing, with the Sacra- 
mento, the draunagfe of the great gold-fields of the West. 
The loftiest waterfall in the world (unless exaggerated), 
is to be found in the Yohamite Valley, in Mariposa (^) 
County, California, where a river as large as the Thames 
at Eichmond makes a single leap of 2100 feet perpen- 
dicular, the total height of the fall being 3100 (Gibson). 
On the east side of the coast ranges we have six great 
river systems, two of them of the first magnitude, viz., 
the Eio Grande del Norte and the Mmimp 2 n, which 
fall into the Gulf of Mexico ; the 8t Lawrence, into the 
Atlantic; the Saskatchewan and Churchill, into lludsoii’s 
Bay, and the Mackenzie, into the Ai'ctic Ocean. 

(212.) The Eio del Norte derived its waters ainiosl 
entirely from the 'mountain ranges which buttiY-ss the 


table-land of Mexico (the Cordillera of Cobahuda, and 
the Madre andde h Jtfimbre), and rticeives hUh 
in traversing the intervening sloires Ih 
Ji^;. oxtr^e feeders abut on the eastern 
;cQnaidend)k closed or ^contincmbl 
and'., suffice to evaporate, tlm 
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waters of the northern portion of the Mexican plateau, 
leaving, as usual, Idket^ more or less salt 

(213.) The magnitude and importance of the Missis- 
sippi ^vill be at once appretiated from the fact of its 
draining nearly a million square miles of territoiy, 
admirably adapted for human habitation, and inhabited, 
in fact, by the most active and rapidly-increasing popu- 
lation in the world. Its line of watersched is very 
remarkable for the difference of altitude in different 
parts of its extent On the west from the 38th to the 
•l-Stli degree of N. lat, it consists of the ridges of the 
Rocky Mountain range, averaging eight or ten thousand 
feet in altitude, while on the north, the division of thei 
American waters which flow north from those which 
run to the soutli, cuts across the central plain of the 
<?ontinent, between the 4j6th and 50th parallels, and 
((‘xcept where it branches from the ^.mountains), is 
nowlu*!^ more than 1500 or 1600 feet in elevation, to 
iis intersection with the western watersched of the St. 

l.i)\vrejicc basin. This entire river system consists of 

♦ 

tliix'e. gi-uat branches, the Missouri and the Mississippi 
{uniting at St Louis, lat 84“ S4', loi^. 90“ 12^, and the 
Oliio, which faUs is sonffiwhat lower at Kew MaShrid 
(30° 32', 89“ Si'), the MisBOuri receivhig tito 
from the western hioantaitUi the ifiniasipid. ftoni this .. 
ceuti-al slope, \aQd th^ Olrie thei lnlahd dridnaga i fiKaa. 
the Appalaohiluh awuntak 
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nu^nificent river, with a great system of affluents. The 
Mi^ouri is navigable from the Great Falk, in the Bocky 
Mountains, to the sea, a distance of 4000 miles; the 
Mississippi, from those of Sttlnthony, 2240; while the 
Ohio, being connected by a system of canals with Lake 
Erie, and thence with Lake Ontario (so as to evade the 
falls of Niagara), carries out a water communication 
between the Gulfs of Mexico and St, Lawrence. The 
average slope of the Mississippi, from its source, is 
19*87 in. per mile, or 1 in 3189 (corresponding to a 
slope of 1' 4^, or about three-fourths that of the Rhone. 
It is therefore no sluggish river, but in many parts of 
€ts course, a torrent, against which steamers witli 
difficulty make head, and which rushes down laden 
with drift timber from the (yearly disappearing) forest, 
of the vast alluvial region it traverses, cutting down 
timber laden banks (whose section discloses the forest 
growth and destruction of hundreds of thousands ol 
years—- and carrying all out to sea through a 
delta of unexampled extent (see art. 106). Tlie Ai kar»^a‘^ 
and Red River join the Mississippi below New Math id 
Their course is through the desert countiy on the c Mht 
of the Chippawyaa range, and they and tlu ii 
jgtasnts cut through tlm imacm parallel to that range, 
0||ii0Stat]%htai|^ 

^4^) The iBwrenoe drains a vast table-land, 
uAma h^ifest point is not more Ihen 1$80 feet above 
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the sea, and of which a rery large portion is occupied 
by lakes, whose united waters constitute more than half 
the fresh wat^r on the globe, and of whose extent^ depth, 
and height of their surfaces above the sea, Mr. John- 
ston {Phys, AUas^ p. 157) has given the following 
synopsis : — 



Extent in 
Square Miles. 

Eleratlon 
aboTe Sea. 

Mean 

Deptt 

Laico Saperior 

Lake Michigan 

Lake Huron... 

liake Erie 

Lake Ontario 

82,000 

22.400 

20.400 
9,600 
6,300 

Feet 

630 

600 

600 

565 

234 

Feet 

900 

1000 

1000 

120 

530 


The estuary of tliis river enters the sea very obliquely. 
(The water being purified by subsidence in the lakes, 
it forms no delta.) It is 80 geographical miles broad at 
it.s optjiiing into the Gulf of St Lawrence, and contracts 
vory gmdually for 850 miles inland to Quebea The 
communication along the chain of lakes is broken 
hot ween lakes Erie and Ontario by the stupendous 
fall of Niagara, the largest and most magnificent, 
though fiir from the h^hest^ in She world, the ^tal 
l>r(55iatU of the rivar (which* is diviAsd into twb 
cataracts by Qoat lab^ l^ag S8S& vitli » 
'leplb of descent of liei k 
on the other. The aotiou of tiw bwdt 1li« 

cliff over whkth it fUb at 1; ibafage ittk of 

about a foot fil aihit«Bi,ao yato it ai0 
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probably have worked its way up to Lake Erie. The 
sublimity of this fall is declared by all who have seen 
it, to be such as no language is adequate to describe. 

(216.) The basin of the Saskatchewan, 300,000 square 
miles in extent, includes several large lakes, the chief of 
which is Lake Winnepeg; as does also that of the Mac- 
kenzie (441,000), within whose dreary confines lie the 
Athabasca, the Slavey and the Great Bear Lakes, visited 
only by fur hunters, or by those heroic explorers who, 
in the cause of science, have furnished examples of all 
but superhuman exertion and endurance. 

(216.) The European Rivers are for the most part of 
very small magnitude in comparison with those of 
America. The laigest are the Danube, the Dnieper, aud 
the Don, the two former of which fall into the E^xine, 
and the latter into the Sea of Azof, and thus ultiniatcdy 
belong to the Mediterranean system. 

(217.) The arid nature of the Spanish md 

the small amount of snow in the Pyrenees, prevent, 
formation of any^large peninsular river, for th.: Doun* 
and Ebro, though considerable streams, cannot be ^aid 
to merit that title. As little can any of the Fm^ h 
rijm which flow w^tward. The waters of the Alp^ 
apt' earned nmthward the Bhin^ southward by 
the eastward by tte Dmtih^ 

whiah leaves ^ tiie lmh\ 
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square geographical miles. It is oavigable nearly 1000 
miles from the Eoxine Se^ the last 400 of its course 
lying through the flat countries of Wallachia and 
Bulgaria, into which it enters by a rapid called “the 
Iron Gate,* between Orsova and Gladova, through the 
Balkan mountains, immediately below the Pass of 
kasan, cut by Trajan along the towering cliffs which 
descend to the water, in his first Dacian campaign, ’a.1). 
103, and still bearing his inscription on the face of the 
rock. Tlie total course of the Danube, windings in- 
cluded, is reckoned at 14*94 geographical miles. 

(218.) The north of Germany and Poland are drained 
by the Elbe, the Oder, and the Vistula, of which the 
former flows into the Atlantic^ and the two last into the 
I’allic- Tire Elbe and Oder receive most of they waters 
from the most northern outliers of the Alpine system of 
luimnlains, and traverse a country considerably undu- 
lated and diversified; but the Vistula, with which com- 
meuccs the northern hydraulic system of the great Sarma- 
tiiin plain, traverses> through almost the whole extent of 
it basin, a nearly de^ level. Ml of lakes and moras^ 
riie same may be said of much of the upper course of 
the Diyeper, a river only re^iarkable as furniaiimi^ by 
means of. a ot navigable com^ 

mutiieation betwe^ the Seas. 

(219.) The nbtkble 

those of the Bliine at Soha^uaea, Mt Wng 6ip^ 
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70 feet in hdght» but very pictui^ue; those of the 
Yelino at Temi, and the Anio at ^Kyoli, both artificial, but 
of exquisite beauty; that of Kukan Fossan, where the 
Maanelvan, a large river flowing out of the Miosvatn 
lake in Tellemarken, in KTorway, springs 946 feet at a 
single leap; the Glommen Falls, and those of the Moxa, 
near Stav, in the same country. The Falls of the Clyde, 
in ’Scotland, are not wanting in grandeur or beauty. 
Those of Gavamie (1400 feet) in the Pyrenees, and of 
the Staubbach (1004, as measured barometrically by the 
writer of this article) in Switzerland, are mere rills, 
remarkable only for their height, in which, however, both 
are surpassed by that of the Oreo, a stream wliicli 
springs 2400 feet from Monte Eosa, on the Italian side 
of the Alps (yfoodhridge and WUlaTd)^ and of which 
some further account would be desirable; 

(220.) With exception of the Ural chain, as obsen i d 
in ait 174, the northern portion of the Europo-Asialic 
continent, from the Valdai to Kaintochalka, is oik* vast 


unbroken plain fibm the Arctic Oo^ to the Altai— un 
area of 0,600,000 geographicid squ^ miles, tlmaigh 


^whiiih, besides the ]>srin^ Kolyma— no 

die ilrst^magni^ 
tkdr 

; Into ttojiAliflSc jjtoeaflu To fotin some idea of the 

fids jmtnense n^ton, and of that 
iii flows into the Casptan, it will 
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suffice to mention the heights above the sea-level of 
some of its more notable positions — viz., St Peters- 
buig, 0; Moscow, 368 feet; Tobolsk, 115; Perm, 370; 
Pinsk, 484; Casan, 57; Bamaoul, 383; Jakutsk, 268. 
Now, Tobolsk is situated on the Irtisch, a tributary of 
the Obi, and Barnaoul on the Obi itself, the one at 525 
geographical miles, the other at 920 geographical miles 
direct distances from their respective mouths, which gives 
an average slope of the country in the one case of 8^’ll, 
m the other of 4^*87. The Yenesei, after leaving the 
mountains, has, in like manner, nearly 800 miles to 
tiaverse, in a direct Ime, of a similar flat region, to the 
head of its estuary. Both rivers, therefore, in the lower 
part of their courses, are sluggish and monotonous, and, 
owing to the high latitude, desolate to the last degree in 
tlieir features. The latter, however, in the superior part 
nt its course from Yeneseisk upwards, has more the 
clicinuter of a mountam river. It derives a large 
poll ion of its waters from the lake Baikal, 1535 feet 
il)o\o the <{ea, a most romantio and beautiful mountain- 
UaMii, uhich is itself fed by the Selenga Biver, ^hich 
< into itthe waters of the Tangnou,Kentei Khan, wd 

Tm hokmdo. The basins of these great rivers re^jeciivdy 
occupy 924,800, and 784^500 square and their 
lengths and gaoMd^ ttiles lespe^ 
tively. 
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of north-east Siberia^ on the northern and western 
slopes of the Daourian, the Yablonni, XJdskoi, and 
Aldan mountains, from which it issues at Yakutzk, 
“the coldest of inhabited places;” thence to the sea its 
course is between banks of ice or frozen soO, which, 
where undermined in the summer, expose to \iew the 
carcasses (not mere skeletons, but 'with the skins, and 
eve^i the flesh remaining) of extinct elephants, evidently 
adapted for inhabiting a cold climate, being covered 
with a thick coating of long shaggy hair — the flesh 
being in some instances so fresh as to have been 
devoured by dogs. The total length of the Lena is 
2400 miles, and the area of its basin 504,000 square 
geographical miles. 

(222.) The mountains which form the southern 
watersched of these rivers by no means alone separate 
the waters which run into the Arctic from those received 
by the Indian Ocean. Between these slopes is iiit(?r- 
posed that great continental basin spoken of in art. 137, 
which, however, oydng to the peculiar aridity of its 
climate, has few rivers, and those for the mo.st pait ter- 
minating in salt lakes. The greatest of these an? the 
Caspian ^a, and that of Aral — expanses of salt water, 
though less so than the ocean— the former of 140,000, 

latto of Bqom geogmphitml miles. i)f 

th^ Caspian is fed by the Volga, me of tho 
laigblii wMolfe with the Vnl drains the 



IKUND WATEfiS OF A6U. 


201 


south-western slopes of the mountains so called^ and 
the flat steppe country firom Moscow to Casan, enter- 
ing the Caspian at Astrakan, after a course of 2400 
miles. The Volga is admirably adapted for navigation, 
and by means of canals connecting its upper waters 
with the lakes Ladoga and Onega, near St. Petersbuigh, 
forms a complete water communication between the 
Caspian and the Baltic by the Neva. The Aral Saa is 
fed by the Amu or Gihon Eiver, which descends from 
the plateau of Pamir, and the Syr, or Sihon, which, 
breaking through the Bolar range, drains a somewhat 
similar plateau,, of a triangular form between that 
range, the vrestern extremity of the Tliian-Shan, and an 
offset of that chain running in a north-west direction. 
Of this region scarcely anything is known, nor is our 
information much nioi'e complete respecting that portion 
»'f the great basin in question which extends from the 
Altai to the Kuen Lun, and along the axis of which, 
ivntrally placed, runs the whole length of the Thian- 
shan, dividing the waters of the discontinuous saltrlake 
stem, on its north side, from the more connected one 
of the lake Lop or Loph on its south. 

(22‘k) To the south of this basin (which indkides in 
its westward prolongation the whole of Term, and 
wliUil] probably exists as such oMy in virtue of its 
aridity, since, hod it a mom humid a great lake 

and river system would atoti^y Itove been estab- 
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lished of west-flowing waters, oommonicating with the 
Buzine by self-cut channels), commences the river 
system of India, which consists of three gigantic rivers, 
the Indus, the Ganges, and the Brahmaputra (which 
carry off the waters of Upper and Central India, 
including the plateau of Malwa), and a number of 
smaller streams which drain the peninsula, the chief of 
which are the Nerbudda, the Godavery, and the Kistna, 
the former flowing westward, the two latter east 

(224*) The Indus is fed by the streams of the cele- 
brated Punjab, or ^ive Eivers, from the lofty region of 
Ladak, the western and inferior portion of the Thibetan 
plateau (penetrated by the Sutlej to the lake Kewan ), 
and the southern slopes of the Himalaya, as far ea.st as 
the Peak of JumnotrL These rivers, once free of Uh* 
mountain intricacies, converge to and unite ut a 
near the southetn extremity of the Suleiman mountaiii\ 
after which the Indus receives no tributaries of anv iim- 
portauce in the rest ofits coarse (280 geogmphuul , 
to Hyderabad, whpre it fmrks out into addta 1 1 a 
phical miles in length, and lOS in bleiMbh from Kurm^ i 
to Spri,^ whaice it a tm nav%ation up llic 
try to Multtn and Lahore the cvmsA (ex(*epi in the 

li&imUm 
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branches were early connected with the Ganges by 
canals for purposes of commerce and irrigation Its 
total length is 1960 geographical miles, and its basin 
extends over 312,000 square geographical miles, 

(225.) The Ganges receives by far the greater portion 
of its waters from the Himalaya range, from Jumnotri 
» to the Lacheh Pass near Daijiling, east of which all the 
waters from those mountains flow to join the Brahma- 
putra. Very little of the plateau beyond the first range 
of the snowy peaks is drained by it, the whole of their 
northern slopes down to the level of the plateau being 
divided between the Sutlej (the eastern branch of the 
Indus) on the west, and the Yarn or Sanpi (a feeder of 
the Brahmaputra) on the east In the western part of 
its upper course, its branches spread out like a fan, and 
collect not only the wateia of the south Himalaya, but 

those of a great basin between the Aravulli, the YincU^a, 

>' *( “ 

and tlip Kymor ranges of mountains foimii^ the platteu 
of Malwa. In fhot. it may be eonudered as resulting 
from the union of **maeteea or twenty large livers, 'of 
wbirh twelve ^aio lalger than the Bhi^ * (Somewille). 
Its delta has idieedy ftrb 106. The floods 

of tho Qal^^ as April, 

attain thdr # Anpot, end 

continue till OQt^>etv. Tlte efibctof the oauaes which 
produce thrai the ratio oi 

the water deBy^'^'iiMi^ iti tiii xMudmwa and Ik 
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the minimuiQ^ viz., 494,208 and 36,330 cubic feet respec- 
tively. The Oanges is remarkable for the great and 
rapid changes in its course in certain districts, by which 
it cuts away its banks in one part to add to them in 
others. Forty square miles (25,600 acres) are said to 
have been so carried away in one district^ in the course 
of a few years. 

^226.) The Oanges and Brahmaputra unite in a 
common delta, or rather in two deltas, distinct at their 
commencement, but which, in their prolongation sea- 
ward, have met and overlapped, presenting the form of 
an inverted the points turned inland. They drain a 
joint area of 432,000 square geogiapliical miles ; but 
the latter is by far the larger stream, its minimum 
delivery of water being 150,000 cubic feet per second 
(Wilcox), against 36,000 delivered by the Ganges. Its 
course is remarkable for the sudden turn it takt*s round 
the eastern extremity of the Himalaya range, aftrr 
draining the northern slopes of those mouiitaias ami 
the mountain valleys of the Thibetan plateau ; a turn 


evidently corresponding to the sudden change in tlie 
direction of the upheaving forces acring at this point. 
Its floods are of immense volume ; the piaiuwS of Upper 
Assam are an entire sheet of water, eight or ton fod 
from the middle of June to that of September ; 


aSi4 BO wonder, when we jxjint 

(OheriBr^^ mtAy 600 inches 
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of rain fall annually (ie. in the six wet months). The 
upper course of the Brahmaputra is but little known, 
and the wanderings of its branches among the moun- 
tains east and north of Assam belong rather to specula- 
tion than to knowledga 

(227.) Before passing to the river systems of Eastern 
'Asia, we must revert to that of its south-western area. 
The peninsula of Arabia is riverless as it is raiqjess, 
and it is not till we pass out of the reach of the tropical 
indraft of the north-east winds, that we find in the twin 
rivers, the Euphrates and Tigris, indications of a different 
set of conditions. These celebrated streams are supplied 
entirely from^the Armenian and Kurdistan watersched, 
receiving positively no accession frdin the Syrian desert 
oil their western side. They both run in a south-eastern, 
generally parallel course, to the head of the Persian 
tbilf, the Euphrates being the larger,' and its upper 
waters curving round along the slope of the Armenian 
]>late{iu, so as to inclose the upper basin of the Tigris. 
From Bir, in 87® N. lat, where it leaves the mountain 
countrj; it pursues a course skirting the eastern^order 
ef the desert, and for the last 700 or 800 miles from 
Kirkesia downwardfi^ receives not the smallest tributary. 
Near Bagdad, it approaches the Tigris, withm twelve 
miles, including between them the plains of Mesopo- 
tamia; an4 h^ in-th historic tunes when 
Babylon tmd oitie^and empire heU its 
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seat in these now desolate legicms, the rivers were con 

a 

Bected by cajlals^ which served the joint purposes o 
commeice and irrigation« Like the Ganges and Brama 
putra» they have a coznmon delta, which is supposed bj 
many geologists (not without historical evidence ii 
support of the opinion) to have been in great measure 
produced within the last 3000 years. The local circum- 
stances are peculiarly favourable to the growth of a 
delta, the long narrow Persian Gulf allowing of no 
lateral sweep of the tides to cany off and disperse the 
deposited matter; and it is extremely probable that at 
some remoter epoch, but still quite within the 7nost 
recent geological period, the Gulf occupieef the whole of 
Mesopotamia to Birwd Diarbekir, leaving only a narrow 
but hilly isthmus at Scanderoon to connect Arabia with 
Asia Minor, as that of Suez connects it with Africa. 
At present, the Tigris sends out branches to the Euphrates 
from Amara, 150 miles from the mouth, but the eoni- 
plete junction of the rivers takes place 100 miles lower 
at Koma, from which to Bassora thi^ fomi a single 
stream, subdividing again to fom the modern della. 
We now return to the river lEast^jrn Asia. 

(&28.) Each of the long ^ which run 

sputhwiad from ihe bMik^ Himalaya 

mountatn system, betwemi flm qf the Cambodian 
has its rivet; M chief ate the Ira- 

Mtmam, and the 
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Meking or Cambodia, vhich water the Bormese empire, 
the kingdom of Siam, and the territory of Cochin-China. 
They are but little known to Europeans, with exception 
of the Irawadi, which has been ascended 450 miles from 
its mouth to Ava, the Burmese capital It is a magnifi- 
cent stream, delivering into the ocean no less than 
350,000 cubic feet of water per second on an average of 
the whole year (of which l-3000th part by weight is 
silt). Like all tropical rivers, it has its season of flood, 
during which its volume increases tenfold (from the 
minimum), ruiming then with a velocity of to 5 
miles per hour. It enters the sea at Cape Negrais, 
tliiough an extensive delta, which is prevented from 
ejm-ading westward by the subaqueous prolongation of 
t]\e chain of the mountains of Aracan, which goes to 
it mu the Andaman and Nicobar Islands, Sumatra and 
.lava. There is reason to believe this coast to have 
Itecu in a state of upheaval at least since the year 1760 
.ind perhaps longer, though it is only firom that date 
tliut (wsitive evidence of changes of level are procurable. 
In tliv volcanic Island of Itoguain, not far from the 
uia.st, three distinct steps of tins process have been 
clearly iwinted out, 

(229.) The Chinese eanpiie U watned by few gseat 
river ^stenu^ eia|rtyiii^tifaimsd:m into the Pedfio; the 
ftMijgBjii WfQpfea Bhw, the least ai 
the four, and \feft>)ysii||ifelf the Bbaagho ^ 
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Yellow River), and the Amur, all three of gigantic 
magnitude, the two former of which form what may be 
considered as a twin system, having a near approach to 
a common embouchure. The Yellow River derives its 
upper waters from the south-eastern bolder of the con- 
tinental basin above mentioned, including the water- 
sched of the Thibetan plateau on its northern and eastern 
side, .as also from the Yung-ling, Pe-ling, and Tapa-ling 
mountains, which traverse China fi*om west to east, and 
direct its waters to the sea at Nankin through a course 
of 2900 geographical miles, and over a \min area of 

548.000 square miles. Branches of the last-named 
mountains separate it fro|n the Hoang-ho \uitil near the 
sea, when they communicate in the low levels by innu- 
merable canals ; their iiiauth.s, however, being separate d 
by an interval of about 90 miles, and by a delta the 
common prcduce of both. Tlie Hoang-ho bus a huMii of 

537.000 square ami a course of 2300 liiuiiu, ograj.hii al 
miles. 

(230.) Tlie Amur takes its rm among the ihtourirm, 
Tschokindo, and Kiang-klum mountains, and ili*' -outh- 
em sbpe of the Yablonoi Krelct It U a livri m v, 
pecuW interest as regards the of ihissian 

domination in the direction of China, though litilo 
known to other than Russian oApjorors. It has n badn 
of 5884)00 square gec^raph^ miles in m&i, md a 
coimwi:q< gecgmphmal m tbit it k a river 
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system of the first order, and entering the sea at the 
very junction of the two great land-locked seas of 
Ochotsk and Japan, will assume, at some period in the 
world's liistoiy, a commensurate degree of political and 
commercial importance. 

(231.) Among African Riven iho Nile is the only 
c‘onspicuous one, and is in many respects the most 
remarkable river in the world, — as the seat of, the 
earliest civilization, as a perpetual witness to the stability 
ef those great natuiul arrangements by which the wants 
of region are supplied by the superfluities of another, 
ami as a geological chronometer by which some insight 
may bo obtained into the duration of the existing order 
‘>1 things antecedent to history. Its ultimate sources 
art' in ail pix»bahility to be looked for in the mountains 
on, or adjacent to, the equator, and perhaps in tlie lake 
rngiamesi. The main stream, the BahiKjl-Abiad or 
Wliite Iliver, has been traced as far as 3"^ 39' N. lat., 
ami may tbereh)!^ very well derive its waters from 

snowy ranges, such as we know to exist in eqdatorial 

» • 

AlVica, or from the Jake above mectioned (which, be it 
namiiihercd, is fresh), or from a generally h(^y or 
la(;nstrin(; district, watered by equatorial raiuB ; for there 
reason to believe that during the sojourn of the sun 
north *)f the equator, the vapours of &e Indian Ocean 
must of nocesirity be by the so^h-east trade over 
that predse 
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of rain. It is joined by the Blue Nile (Bahi-el-Azrek), 
'which lises iu the Galla couutiy, south of Abyssinia, at 
Khartmn, and by the Atbara, which traverses Sennaar at 
Groos, about the 18th degree of north latitude, from which 
point, in its farther passage through Dongola, Nubia" 
and Egypt, a distance of nearly 1300 miles, following 
the windings of the stream, it ceases to receive any 
acpession of waters. Its course through Nubia is a 
succession of low rapids, called cataracts, at the last of 
which, at Assouan or Syene, it enters Upper Eg}pt. 
Hence it runs in a valley vaiying from 2 to 18 miles in 
breadth, through a succession of monuments of ancient 
splendour, to which the world affords no parallel, to 
delta, — the mountains on either side being low ranges 
(decreasing in height from Assouan downward^/ oi 
granite, sandstone, and nummulite, but of whidi ail \h\ 
lower portions are buried beneath vast alluvial de]>»^^n> 
brought down by the inundations. The Nile deluei^ at 
Assouan 24,000 cubic feet of water per second uhiu / 
its lowest ;it the summer solstice and S62,<M)0 uin n 
the highest in October (Homer, PhiL 2Va«w?., >. f n 

mem amml delivery is calcutatod by M. Tidabot 
lOl^OOO. At the time of the iood it is loaded ^uth 
Uaxk mi most to the amount « I 

of its weight* so tbi^ the total quantity of fer- 
%i^oroaitied to sea. 
M ibOtslIliCf miffloas of toii& Tiiii is 
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computed, from the evidence afforded by andent monu- 
ments, the bases of which have been silted (not sanded) 
up, to cause a rise of the soil of the valley of inches 
per centuiy. From borings made^ at the instance of 
Mr. Homer, under the colossal statue of Bameses at 
Memphis, the true Nile sediment was found to termi- 
nate at 30 feet beneath the foundation of the platform 
on which the colossus stands, itself 10 feet belo;^ the 
present surface, which gives an interval of 10,285 years 
from the commencement of deposition at that spot to 
the age of Bameses, or a date of B.c. 11,646. At the 
depth of 39 feet a piece of pottery was found, which 
(unless subsequently buried there) must have dated ite 
construction from ac, 11,517 (Homer, PhiL Trans., 
1S58). The supposed drainage basin of the Nile is 
■'i20,()00 square, and its supposed total course 2240 
linear, geographical miles. 

(232.) The next African river in importance, as 
regards internal oommunication, is the Zambesi, Cuama, 
or Quilimano, recently explored by Dr. livingetone, 
whicli enters the sea at Qoilimane, in lat. 18° S., and, if 
really connected as h« ifipears to consider demonstrated, 
through the Victoria Falls, with lie liba, the liambi, 
the Luambesi, and of o^iW rivers 

whidi cover the interior of south Cratnd lite a 
vast network of Sri 

not las then '''SMttqriw 'Regises;' Air 
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geographical miles. The falls referred to are perhaps 
the most striking, after Niagara, which exist The river, 
1000- yards in breadth, is suddenly swallowed up in a 
narrow perpendicular cleft 100 feet deep, in a black 
basaltic rock directly across its course, which is prolonged 
from the bank 40 or 50 miles, in which the river takes 
its new course compressed in a deep channel of 15 or 
20 y^rds. The hydraulic system of the interior of South 
Africa, disclosed by Dr. Livingstone^s researclie.s, is 
anomalous in the extreme, and is only compatible with 
the idea of a generally level plateau, deluged wdth peri- 
odical rains, but not, like the plain of the Ainazoris, 
dominated by a great range of high lands on one side, 
with a slope to the other, but as if the periodical rains 
fell on a very gently rising convexity, so as to leave the 
waters undecided by what channels to seek tlie main 
arterial drainage. It would seem very probablo that 
the cleft of the Victoria Falls has been of comparativt ly 
recent origin, and has detennined a new^ syslf^tn cf 
drainage by which ^the water of those regions has be^ Ji 
carried off more rapidly than heretofore, since the gom- 
ral tenor of Dr. Livingstone's namtive points to whax 
may be temed a aecular of the 

tratersed by him. 

(283.) lie JfSger, Jolib% or rises m the 

Ko&g MouBtahui, and after Tosiuiig a ootuiderahk dlls' 
tanob iitotg tieir bases b east^eniiligMSottb, mahes 
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a sudden turn at Timbuctoo to the south, and penetrating 
the chain of mountains, reverts to the west coast, and 
falls into the sea in the Gulf of Guinea at the New and 
Old Calabar, the extreme rivers of its delta^ — streams 

* foul and fetid, redolent of marsh poison and the moral 
pestilence of the slave trade. The expedition under 

• Baikie, in 1854f, has shewn the possibility of penetrating 

^ through this disgusting basin into regions full of tropical 

life, and exhibiting humanity under an aspect a few 
shades less repulsive than its savage forms for the most 
part assume. 

(234.) Of ximtralian Rivers catalogue is small, 
and, so far as can be at present ascertained, confined to 
very moderate distances from the coast It would seem 
most probable that the central regions of that singular 
continent will furnish another instance of a *‘conti- 
lu utal basin,” with a system of internal drainage and 
salt hikes. Most of its streams flow in deep rocky 
ch'fts, atlbrding no irrigation, and assuming alternately 
the impetuosity of torrents and the stagnancy of a chain 
‘)f pools with a communicating thmad of water suhk in 
deep gulleys channelled in a table-land. These streams 
rush with wonderftd rapidity m the rainy, seasoi!. The 
Ilawkesbuiy lias been known to sweH to 100 feet 
above its awnepmg mpy evmything in its 

course. we le^ that the 

average faU'^ tib« ruxmiag eastward in ilie 
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colony of New South Wales, is 48 feet per mile, of those 
which run westward 9 feet, the land sloping inwards 
more gradually. 

(235.) Pampas, SUtm, Llanos, Prairies, SavannaJis, 
Steppes, Tundras, &e . — ^The mountains which constitute 
the central ridge of the old continent and the lateral of 
the new, tower to k vast height, while on their flanks, 
and after a more or less extensive interval of broken 
country and lower chains, they fall away into sloping 
sheets, terracing down by steps into the low lands, 
which ultimately flatten into what becomes at last an 
unvaried plain, extending to the borders of a far i-emote 
ocean. * The easier accessibility of these regions, and in 
many cases their high fertility (formed as they have 
been by alluvial deposition from the washings of the 
higher ground), constitute some of them the principal 
theatres of human habitation; though it would seem 
that the higher developments of civilized life require 
something of the excitement and hanlihood generated by 
the neighbourhood of at least a hilly oountiy, ami 
languish in the monotonous ease of an unintenu[tt(.-d 
level, however adapted by ito luxuriance for that 
matfflM^civilization which comuKR^fost^ 

(W) Saeh of ^ mote of this 

Idiid Im M tdiamoter « 

iuta^n^iK of its vegetable aiuianimdf^^ Omr 
or miimte deam^^tiou ; but we 
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will endeavour, in as few words as possible, to convey 
some notion^ of the leading features of the principal 
among these flat regions, 

(237.) Th Pampas of Patagonia seem destined to 
perpetual desolation, not only by their climate (art. 274*) 
but also by the nature of their soil, which terraces 
down in almost unbroken sheets of shingle and basalt, 
diversified with huge boulders, the whole brought down, 
no doubt, by ancient glaciers, and deposited by their 
molting when floated off to sea, and which occupy the 
whole eastern slope pf the continent, from its extremity 
to the Kio Colorado, In these regions the vegetation is 
‘Stunted, tlie winds fierce and tempestuous, and the 
lH)pulation almost nil, 

{23<S.) This desolate region is succeeded by one 
liardly less so, though different in its style of desolation, 
liitlu' pampas of Brazil and Buenos Ayres, vast tracts 

destitute of trees, and almost of water, but lying in 
uaruKir latitude, and having, therefore, been exempt 
from the action of those causes alluded to in the last 
article, which have coveted the alluvitim with stony 
I'raj^uculs, hardly a stone or a peehle is to he found in 
tlmiii for hundreds miles. In this legion, which 
extends southward foua the estuary of tbs la llata to 
I’ats^niak snd ^mdiward to foet of ^ Ands^ tiie 
ultematkm cd Hhi wet msd ib|yiiRK»(«etfog tm a soH 
composed i«d sig^Moqi wdlH* 
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here and there calcareous concretions^ effect no other 
* variety than the growth and decay of gigantic thistles 
for some distance from the coasts i*eplaced further 
inland by the long-tufted pampas grass, ranged over by 
innumerable herds of wild or semi-wild horses and 
cattle, whose skins are exported, and whose fat and 
dried flesh serves for fuel; and where, in the dry season, 
the pamperos (transient wiii^-storms from the interior) 
raise clouds of dust^ involving the whole horizon in dark- 
ness so impenetrable, that even the lightning which 
accompanies them is only heard not seen. R)ad.s there 
are none, nor any need of them. Lassoing a wild horse, 
mounting and riding him till he fails from fatigue, and 
is exchanged for another, the traveller, with his Gaucho 
guide, speeds on, day after day, and week after w'eek, as 
for the bare life, towards the far-distant and lung- 
invisible hills. Tlie exciting gallop of Ca}>tain Head 
across this country, will pix)bably be familiar to many 
of our readers. A tract of swamp and bog, succwdud 
by a region of ravines and stones, with a zone of thorny 
bushes and dwarf trees reaching to the Andes, com 
plete the picture of this uninviting region, which com- 
municSfttes northwards, along the w<^teni slopes of Uni 
Patapa Valley, with the hideous wiJdemesa of the Gmi 
traversed hy the Salado, VetH3^ #4 Blooniay o 
the wild still langee in inatmsibk 

nte la ttid 
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together, are computed by Humboldt to occupy 135,200 
square leagued, or 1,217,0(50 square geographical miles. 
If they offer little of interest on their surface, the buried, 
and in many cases hardly buried, gigantic remains of 
Ihe Glyptodon, Mylodon, and Megatherium, with other 
singularly-formed monsters of an earlier Fauna, which 
tliey cover, amply compensate to the geologist for this 
deficiency by presenting him with the enigma of a pnce 
animated Creation, which seems to have simply died out, 
without any of those geological cataclysms and catas- 
tj'ophes, or changes of climate, to w-hich we are in the 
habit of attributing such events in general It is some- 
whjii .‘lingular, too, that among all these remains, few 
nthibutable to carnivora have been discovered, the 
ino.st rtnnarkablo among them being the Machairodon 
N(H»geuin, 8abre-tusked Tiger, a truly dreadful form of 
voracity. 

(23!),) The SihiU of the Amazon River include 
tt’;u’t perhaps not less than half a million square 
miles of the central area of South America, where, 
tlio rich quality of the alluvium brought down bj 
tliat river and its tributaries, and spread over th( 

< uuniry by |ts inundations, aided, in the wet season 
by an immense rain-fall, ai^ by the general heat of Ur 
climate, v^getatfon seems carried to the extreme of exn^ 
bemnoe. r^on more times the area ^ 

France, crCssed % Ihe ^uid»r, ft<m tha 

h 
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cordilleras of the Andes to the mountains of ParimiJ, is 
clothed with a mass of forest, so dense and impenetrable 
as to defy access, except by navigation, and tenanted 
by innumerable wild animals, among which the monkey 
tribe holds a very conspicuous place. The descriptions 
given by Humboldt of this region^ present pictures of 
forest life and scenery in which every feature of gran- 
deur, gloom, and savage wildness is concentered. 

(240.) The Llanos of the Orinoco occupy t perfectly 
level area of nearly 160,000 square miles, so level, 
indeed, that elevations of a few feet, quite imperceptiblci 
to the eye as slopes, suflBce to form the watersclied lines 
between adjacent streams. After the rains (during 
whose continuance the whole country is inundatod) 
a rich pasture covers it, which has procured it, from tli** 
natives, the* designation of the “Sea of Grass.” This 
speedily dries and furnishes the material of o\tensi\c 
conflagrations, which, repeated year after year, chu - 
tually serve to maintain the treeless chametcr of tho 
region. Tlie dust storms here are also terrific, and an* 
admirably described by Humbolt (Aypeds, p. 17). 

(241.) About half the total area of Koith Aiuerit^a, 

» 

from tlie AU^haniei to the Batky MoBaWoa, itic]u<iing 
gte(kt part o{ Canada, lafarador and the Xodias country 
to the north, to the amotmt of nearly of eiiuarc 

been chaiactedaed byHpmb^t a» " an almost 
ooa&Ktous K^n of Mvanaaha and prairif^s.” 
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terms, however, apply more correctly to those regions 
of the Great North American plain and flat river basins 
which are deficient in* timber. These, however, dilBFer 
much in climate, soil, and aspect. To the west of the 
^Mississippi, where the ground rises in terraces towards 
the Eocky Mountains, the climate is arid, the soil 
sterile, often full of salt, and destitute, at all events, of 
fresh springs. The prairies of Texas, however, have a 
rich soil, a profusion of gi'ass, and flowers of fine hues 
and delicate scent, and are adorned, not indeed with 
h irests, but with frequent clumps of large trees, or here 
and there a single one of vast breadth of growth, covered 
witli h)ug pendent moss. To tfie east of the Mississippi, 
along the coast of the Gulf of Florida, extends a region 
of so-called Pine Barrens, where only trees of that family 
can c‘xtract nutriment from the sour sand. These are 
not oonimod to Alabama and Florida, but extend far 
inland, and occaipy lai'fee tracts in North Carolina and 
V irginiji, F^ist of the Mississippi, the country, till 
< lcared by the increasing population»was for the most 
part richly wooded, interspensed, however, with savannah 
and prairie ground% the treeleps obaraefer of whic|}, as 
in Die case of the Uanos, was perpetuated by frequent 
conflagrations, which swept across whole districts, and 
(hjstroyed evety liiiribg thing within their area. In the 
^^outhem districts, the air, especially in the “bottoin^^ 
or low swampy kgioiis bmtdering on the rivers, from 
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the heat and quantity of decaying vegetation, is impreg- 
nated with malarious miasma^ ptoducing ultimately, at 
New Orleans, the most virulent type of yello^l^ fever. 

(242.) The great northern plain of the old continent 
occupies an area of between 4,000,000 and 6,000,000 of 
square miles. From Belgium, through Holland (mucli 
of which lies actually below high-water mark), and 
North Germany and Prussia to the Vistula, we find a 
cultivated though sandy soil, with latge tracts of heath 
interspersed, and presenting over all the area bordering 
on the North Sea and the Baltic, the phenomenon ot 
granitic and syenitic blocks scattered in abundance, not 
uniformly, but in patches here and there, and referaldo 
as their origin to the older igneous rocks of the Scandi- 
navian mountains — a phenomenon first brouglit into 
prominent notice by Deluc (Geol Tratfli)^ and sinco 
recived as one* of the chief supports of the ‘'Olacier 
Theory.” 

(243.) At the Vistula may be said b/ connnenc<‘ 
great Sarmatian, pr East European plain, which, ^ritb 
exception of the Valdai Hills, extends from the 
the Black and Caspian and to^he Ural Mountains. 
It may be divided into thine riegions--^a northam ex- 
tending nlong riie ewte of the Ontf of Kn- 

't^d« 'and 'thd’lSTMte. region 

north of ^ Valdai id'the niii% Its 
climal^, aolh and swampy chanasten ato 
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cultivation, and only a scanty growth of trees— chiefly 
birch and fir ; while much of the ground is covered 
with a species of moss or peat called tundra, which 
leappears over all the northern area of the Asiatic 
continent where similar conditions prevail The middle 
region of Eussia is fertile and well watered, with a 
climate of only* moderate severity, a soil of rich alluvial 
mould, admitting of high culture, a surface gently ’mdu- 
lated, and extensive foreste of pine, birch and deciduous 
trees. Tliis region is surroimded to the south, by sandy, 
barren, and often saline which commence at the 
Dnieper river and extend along the Sea of Azof, includ- 
ing all the country north and east of the Caspian, and 
eoimect themselves by the desert of Kliaresm, and the 
slep}»es of Kirghiz, Ishim, and Barnba, with the great 
Siberian plain north of the Altai. Notlring can exceed 
the iln aiy monotony of these steppes, wdndered over by 
noMuuiic tribes— grassy indeed, and covered with flower- 
ing siirult-s,^ tulips, and resaceous plants for a few 
numtlis, but parched by the sun an(^ drying wind^ in 
niininer, while in winter they become howling and 
i^lielteriess wastes of snow. . Some of these Asiatic 
are covered with wccdle&t evei^grerai artiou- 
luUid Boda {dentft ; itt lome, o& the Ijetdns of the 
wit the riehi. crimson ot 

orange coloin'j, ghriog a pecnlitt g^ow to tire riittenl 
plains Ml the 
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themselves glisten with flakes of exuded salt, like fresh* 
fallen snow. 

(244.) In North Siberia winter reigns supreme. Be- 
yond the 62d parallel corn does not ripen, and beyond 
this the fir forests intermix with and gradually give 
place to the tundra, among the swamps of which, buried 
or half buried, mammoth tusks, or rather those of the 
Elepbas Primigenius (art 221), occur so frequently as to 
constitute a veiy valuable article of search and com- 
merce; These tusks, together with the skeletons of these 
and several other animals, form immense local accumu- 
lations, which become richer and more extensive the 
further one advances north. They are found in greatest 
abundance in New Siberia, and in the islands vhieh 
fringe the borders of the continent between tlie Lena 
and the Indigirka, especially Lachow or LiaklK>fi; jiich 
is represented ^ as almost wholly consisting uf sin li 
remains. Hundreds of iX)ods (40 lbs. Eng.) ar** 
extracted annually for exportatioa They 
also in Kamschatka. 

(245.) Tlie great allaviai j/laiu of ovi iioi. - 

upwards of 200,000 square loiles^ aad i* the of ila 

* 

oldest civilisation of which we have any aatheiiiir 
account (sacwd history, of course, cate^rfied), and of 
actuary the mort nomeious and oomleiMad populatio)! 

to be foond on tiie globe; It it fbr the mmt 
imrt a vast plaH omsed in all dixe^kuns asdlinfaied 
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by canals, devoted wholly to culture, of which rice forms 
the principal article of produce, while the low hills afford 
tea to so vast an extent, that between 60 and 70 millions 
of pounds are imported annually into Britain alone. 

(246.) The principal southern slope of the Asiatic 
continent is that of Central and Lower India, or the 
great plain of the Ganges and Indus, of which all the 
lower part is alluvial and of wonderful productivgiess, 
at least under the influence of artificial irrigation. What 
may be called the Plain extends almost to the foot of 
tlie Himalayas, the slope of the Ganges (art. 196) being 
only one foot in 15,840. Benares, distant from Calcutta 
between 500 and 600 miles along the river, is only 270 
above the sea. The valley of the Indus is sandy 
and Ijurrou, unless where artificially irrigated. On the 
t ast of the river, in its lower part, the plains expand 
into a sandy and desert district of many square degrees in 
( xti iit, called tlie Tlmr, which is so low near the mouth 
of the river as to be overflowed by the tide, and incapable 
< 'f cnlt ivaiiou. The Bunn of Cutch, m extensive region, 
enast line of which is laid down very differently in 
dibeiunt maps, adjacent to the delta of the Indus, is 
su}»p()8ed to be subject to frequent edterejlbions of \evel 
from geological causes, one of which is on record so late 
an 181 9, by which a oomsider&ble extent of what before 
was land was eod a poflian of ihe internal 

navigation of the countifi teen closed to 
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centuries, was again rendered practicable, while another 
part adjoining was permanently elevated. 

Of Cllmates. 

(247.) What we term the climate of a country is the 
result of all the meteorological influences to which it is 
habitually subject, and includes not merely the moan 
amount or intensity of the meteorological elements, hut 
their distribution over the several months of the year 
and the several hours of the day. The mode of ascer- 
taining exactly the mean annual amount and the law> 
of periodical fluctuation of these elements 
considered, of calculating them numerically, and n i iv- 
seating the final conclusions to ilie i^ye by curves lai'l 
down in chaiis, is abundantly ex]»laincd in the 
on Meteorolog'^ referred to in sec. 1 0. 

(248.J 17i(i elements which go to 
notions of climate, are chiefly atal 

Tlmse, imhsed, are by no means the soh.* causi s 
affect vegetable and animal life. Then* anr ‘tliM 
elements, such as the greater or Im Imbitnal vioh r;' » ^ 
the iJ^ind; solar light, as a vitd stimulus ai*art Imn 
heat which a(;companies it, and wMdfc stieadi iii 
to the greater or less habitual obseuratm of tttt sky by 
doud; electrical manifestaiioM; and barom^ric 
M a mmare of iiie taken up at 
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each inspiration of an animal, or present to a given sui^ 
face of leaf in a plant, an element whose importance has 
been rather overlooked. All these constitute items in 
our estimate of a climate, and each of them, when pre- 
•sent in a high deg^'ee gives it a marked character. But 
temperature and moisture exercise so preponderating an 
•iiilluence, that, in a general view of climates, we may 
limit ourselves to their consideration, regarding the 
utliors jis subordinate, and their excess or deficiency as 
incidental and special causes of variety. Even thus 
limited, the number of cases which arise by simple com- 
bination of high, low, and medium annual averages, and 
of great and small annual and diurnal fluctuation (each 
of which exists as d reality over some more or less 
(‘xttmsive region of the earths surface), would be- 
come omlnirrassing. The diurnal fluctuations, however, 
assume' im{>ovtance only in two cases,— When, as in 
the circumpolar regions, the year is divided into two 
Vfi V umH]ually ilUiminated seasons, and where the diur- 
lud tluciuation in efiect merges in the annual ; ^and 
id very great elevations in or near the tropics, as 
in ihc. Bolivian and Thibetan plateaus, wher^ owing to 
viidiaiion in clear sky and rarefied air, the diflerence 
uight and day temperkture becomes excessive, and 
wIkuo the nightly dews peo^fonn the oflSce of rain, and 
«wpply its place. ; , v 

(24f9.) Elevation abom ^ sea-level exercises a 
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peculiar influence on all the elements of climate. As 
we rise above that level, the temperature sinks at the 
rate of a degree for every 8 ^(1 feet of elevati on, and of 
course the mean temperature of the year is affected at 
an elevated station to that full extent. Thus it happens 
that in ascending a mountain from the sea-level to the 
limit of perpetual snow, we pass through the same series 
of climates, so far as temperature is concerned, which 
we should do by travelling from the same station to the 
polar regions of the globe and in a country where very 
great differences of level exist, we find eveiy variety of 
climate arranged in zones according to the altitude, ami 
characterized by the vegetable productions appropriatt? 
to their habitual temperatures. Tire amount of min, 
too, is very greatly dependent on the le\'el of 
It increases on mountain slopes exposed tc» moi'^t wind", 
up to a certain level, different in different geograjdiical 
districts, and then diminishes, in virtue of the gen<. ral 
law of hygrometric siccity in the upper regions of t]i< 
atmosphera At great elevations, too, the imA 

direction of winds, and the amount of cloud, are nltm 
very diffenmt from what prevails Mow. Thus, on 
Peak*of Tencriffe, the summer wind is habitually SAW, 
and the aity almost always cloudlet while at the ot 
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affected. The chemical rays of the spectram are powers 
fully absorbed in passing through the atmosphere, and 
the effect of their greater abundance aloft is shewn in 
the superior brilliancy of colour in the flowers of Alpine 
• regions. Nor can the difference of density in the air 
itself be devoid of influence either on plants or animals. 
Ur. Miihry, in a work of great merit recently published 
(Klitmtologiscke-Untmuehimgen, Leipzig, 1858), informs 
US, for instance, that among the inhabitants of very 
elevated regions, pulmonary phthisis is a disease 
unknown. 

JDistribiUim of Temperature . — The law of dis- 
trilnition of heat over the earth*s surface is represented 
to tlie eye by the systems of Isothermal, Isotheral*, and 
isoclifinidnal lines described in Meteorology, art. 149, 
^vhi('h 8(3verally connect those points of the globe which 
Lavi* o(iuar?w.cfm ammal, mean sunmier, and 7nea7i winter 
tt iu|H;mtures; the important points as regards climates 
b< ing, that tliese several sets of lines are not coincident 
(' xcupt locally and accidentally), so Ijiat, even as regards 
inpcrature alone, it is rare to find two places that have 
till s;iau‘ annual average, and also the same distribution 
in the several months. How this may^affect 
( limate will be obvious, if we consider the cases of two 
])lacos of the same mean or average temperature, which 
in the one is mabtaiird n^y uniform throughout the 
* Sm tbs iceifiie dMy died, 
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year, whUe in the other a burning summer is compen- 
sated by a rigorous winter. 

(251.) If the sea covered the whole earth, or if it 
were uniformly occupied by land, there would prevail 
in all regions a climate dependent wholly on the latitude ‘ 
of the place, and on the sim’s declination at different 
sea sons. What would be the exact mean tempeiuturjis, 
and the exact annual fluctuations corresponding to each 
latitude in either case, it is needless to inquire; but ii 
is certain they would be very different in the t^vo cas(‘s, 
by reason of the diflcrent i-elations of land and water tu 
heat. But if we take an avemge of the actual mean 
temperatures corresponding to each degree of latitiuie 
all round the globe, we shall obtain a mean law under 
the actual state of things winch may be called tli<‘ 
nonml law of mean temperature, and which is not vn v 
inaptly represented by the foraiula — 

4r*8 + X cos. (twice latitude) : ’ 

and by attacliing to each parallel of latitude a tunnbf j 
expressing the temperature computed tnnn this, lie ov 
would arise a ^stem of noimal isotbcmuc liiu^s. I’li** 
actual system, as may be seen in Plate II., devi;ii< 
mucK from this regularity ; and the manner of tins 
deviation, which constitutes the first greatest basi.^ 
of distinction between the the globe, 

is reiniiiStabl 

which 
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places which have the same excess above, or defect 
below, the normal mean temperature, are connected by 
lines wliich he terms Isabnormal lines — the order of the 
lines corresponding to the amount of deviation; and on 
* an inspection of this chart, three very prominent features 
are apparent, that the lines which limit the regions 
' into which the globe becomes thus divided, or the lines 
of normal temperature, do not, as would at first .sight 
(ipp(‘ar probable (and as would be the case had the earth 
no rotation on its axis), follow^ meridional directions, 
but are systanafkally oblique to the equator, being 
(liivcted Ironi KW. to S.E. 2d, That they divide the 
globe into two hot and two cold region's, in the foim of 
broad bolts, whose medial lines have a generally similar 
diivotiou, and which, so far from being emphatically 
logions of much land and of much water, run systemati- 
niUy th great masses of hofh. Thus, the principal 
lint lesion includes nearly all Aus^lia, the Indian 
" ' ean, India, and all south-wrat Aaa and east Africa, 
Kmope, and the North Atlantic; ai^the pnncipBl'' cold 
"lie, <he western, haff of Soi(lh America, the sontfe-jrest 
i'<|ii:itoi’iiil, and norihroast Buifio, and all east Ama, from 
' '"'hin-Clunaaorliifards. The <^erh(A region inctade# 
the S.\V. AthmMbj 1^ ^ 0S8t«^ ai^ (rf ^ooth Am^oa, 
loul the Ca}i^hi$iliffi%B^aiid (afteor or 

|^H.spoiiaion)4pJi;^ the Jida dl Atftadtu. 
«in continent, to iMippeas in Ainenoa-ai^ 
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the North Pacific, while the other cold one takes in 
west Africa, the south-east and equatorial Atlantic, and 
all the east side of North America. That these 

r^ons, so distributed, bear evident reference botli to 
the situation of the coast-lines of the great lanfl-niass(?s * 
and to the trade-winds. To make our meaning clear, 
we will suppose the globe divided, not by the true gc*o- 
graphical equator, but by the tropic of Cancer (which 
may be considered as tfie morlial parallel of the land, 
and to which, rather tlian to the true equator, the soiin;(*s 
of heat-disturbance have reference). I^iid lying to tlie 
north of this being considered as nortfurn, and the 
Honth, 8av.ihem/it appears that, in the n^/rth m masses 
the regions in which the temperature is in oompy 
their western, and in the muthern their eaoU rn 
whil(3 the reverse rule holds good for those in which ir 
is deficient. A V;oTnj)arison of this rule with what 
above stated, in reference to the regions thcm^*dv<'*', iil 
verify its enunemtion in these tmtts. 

(253.) So state^ the cause k not ht U> an l it 
is one of a genmlity commetisuiirte to that of :hx 
observed facts. Itefcrring W out account of tlur orcani* 
currents as tnwied in mtHs 51-65, we M 

water d the (iquatorial immakh mm is 
against the d while th^’ 

cd# topplyiiig eurmite from lb# imm, 

aloi^ the wert in 
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northern circulation, the hot water is carried across the, 
great oceans north-^tward, to strike on the west sides 
of the northern mams^ while cold return-currents flow 
down their east sides; and that, in its southern circula- 
tion, th(} hot water is thrown off southwards by the 
onstorn coasts of the southern masses. The only point 
‘which remains unexplained in the view here presented, 
a small breach of continuity in the hot region between 
the C\irib))ean Sea and the noJlh-west coast of North 
Ana rica, where the two cold regions run together acrosf 
it (nor ^Mexico. It should also be obser\^e(l, l5^ That 
tlautgli tlic immediate influence of these causes it 
givatcst on the coasts, their prevalence extends deej 
into the continents, being ^paffl ited onw ards the 
wiiuh; and, 2rf/y, That the inequality now in question 
is iudepondent of another law more general still in it* 

( imiii'iation, though of smaller influence, viz, that the 
^vUl))l' northern hemisphere is,j}Q a general average, 3^ 
'vninu r than the whole soujlieni, as containing more 
land to be heated by the sun when north of the equator 
Within each of these four great geographica! 
K the mean tcmpemtuie imaeases or decreasec 
(arconting to the character of the Kigkin) &o!n*th( 
borders tonnods Urn and each of timm hiu 

v ithin it eeftidu (which may be called 

poiet) of Mid O(dd0, al which the peculiai 

character of ^ ngbn Is ctW^uoim^ The 



232 


PHYSICAL GEOGRAPHY. 


. cipal» or Europe- African Hot Eegion, for instance, is 
separated from the cold region to the west by a normal 
line running in an undulating curve from Baffin's Bay 
to the Cape of Good Hope, and from that on the east, by 
one commencing opposite Nova Zembla, dividing Europe 
from Asia almost conterrainously as foi* as the Casj)ian 
Sea, and then passing off south-eastward to the Phili}>- 
pine^ Islands, and across the South Pacific. Witliiji this 
area the north of relative warmXh occurs almost pn*- 
cisely on the Arctic circle in long. 4"^ east, botwi'on 
Iceland and the Norwegian coast (full in the sweep uf 
the Gulf-stream drift). ^ At this point the mean animal 
temperature \%fnlhj 20® a\me that which would tin • 
to its latitude on the supposition of a normal clinrat and 
in receding from tliis i>oint as a focus on all ^ t la- 
excess of moan temperature decrease.^ so as to mark a* 
a series of oval<f, the interior of each of which i ^ ; 

warmer than those outside. Tlius,the oval fvf i s , x 
just grazes the North Cape; that of 12 lak ^ . d. 

whole coast of N<way and the north of Scotl*!! ^ 
of 0® the whole of Britain, the French coast 
Paris), Holland, Denmark, the greater panned i: d* - , 
fUttd the Gulfs of Bothnia and Finland (just ki di 
PetersbttJg), up to Arcliaiigel ; and, lastly, the , . .A < » 
excaw cuts ^ coast of Groalaud at t'a|x- Fa;, u.r; 
fMm tiurooi^ Madrid aad Algiers, 

Calaln^ Httugwy, oxid Buesla, «tnd ;!;! ii„ 
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capitals of Europe. In the southern hemisphere there is 
no vciy prominent focus of this kind, but a point in 80'' 
8. in the meridian of Madagascar, just where the warm 
curi'ents of the Indian Oceafc unite after rounding that 
* island on their way to the Cape, offers a feeble and 
rudimentary one. 

(255.) The east Asiatic cold region has a strongly- 
miu'kod focus of relative cold at Yakutsk, where the 
delieioncy of annual temperature amounts to— 15°, and 
lound w hich, in all directions, this deficiency deci'eases, 
(»vi*v a sfries of ovals, of which that of -7° includes the 
whole of north-east Siberia, from the mouth of the 
.h-iivsei t‘) that of the Kolyma, and descends south 
ilinaigh the Ikiikal Lake and Ochotzk into Chinese Tar- 
tun*. Continued soutli across the Pacific, this region, as 
idnno statiHh entem upon the west coast of South 
Aim in g Off that (mst., at 800 or 400 miles south-west 
>1 in lat 15° S., long.^° W., occurs another very 
^\ ril marked focus of the same character, but less intense, 
J hr d^ tieit of temperature being only 9°. The oval of 
7 id tout this focus enters on the Soutli American 
' i\nd includes lima, which thus (owing to the re- 
t n-f rating i)ower of Humboldt^s current^to which this 
ibrus in dearly referable) enjoys a for coote climate 
?hun its pmximity to the eq[uator would otherwise entail 
un it. f n the fmAc, in kt iff N., long. 225"^ TS^ i« also 
the (jcutral of a m£l kb<ndittate oval of teletive 
l2 , 
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cold (of about- 2®), a feature which we shall have occa- 
sion to notice in another part of our subject 

(266.) The next which may be called the American 
Warm Begion, has its nortliem focus in the Pacific, in 
lat 56® N., long. 141® W., not far from Sitka, in Kussian ’ 
America. It is far less strongly developed than the 
Atlantic focus of a similar character, its excess of tem- 
perature being +9®, and its influence on the continent of 
America is very limited, but nevertheless sufficient to 
afford the whole coast from Vancouveris Island nortli- 
wai’ds to the Aliaskan peninsula, a cUmate 7*" warmer 
than the normal one, an advantage equivalent to that of 
a transfer from North Iceland to New Halifax, and 
which forms a most important consideration as regards 
the future fortunes of the new' colonies of Vancouver’s 
Island and New Caledonia. In the southern heniis]>lu re 
we find no marked indication of a corresponding loeu-. 
which is perhaps owing to a deficiency of the 
observations. Owing, however, to the huge portio n < i 
this hemisphere occupied by sea, the w^armer arviK n*- 
means stand in so strong a contrast to the eold^ i; < -> : : . 
the other. 

I. 

(257.) The last of these regions we have to iiMi. i- 
the American cold region. It is veiy strongly ima ki .1, 
and distincily so even in its proleet^rion inio tii. 
soathein hen%)here. In the northern epntint-iit ir )iii> 
a foouB of relative cold in lat. 65‘ N., long. 20* W.. 
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Wager Inlet, at the north-east corner of Hudson’s Bay, 
whose intensity (- 13"*) nearly equals that of the 
Siberian focus, and whose influence is very great over 
the whole north-east portion of the continent^ afiecting 
Quebec with a mean deficit of (equivalent to a 
transfer from the south of England to the Orkneys)* 
and even New York by one of 4®. In the southern 
lieinisphere there is a sufiSciently well-marked focus of 
the same character, and which bears nearly the same 
relation to the south-east coast of Africa that the focus 
of Lima does to South America, being only rather less 
intense (— C”), and not extending its influence very 
juaterially on the continent It is, however, precisely on 
till* spot where, from the indraft of cold water from the 
southern ocean, we should expect to find it 

(258.) The extreme cold of north-east America is 
evidently ix>ferable to the delivery of the whole circu- 
lating water of the Arctic Ocean, together with all 
whii'li is introduced through Behring's Straits along 
its riKist, and through the intricacies of Baffin’s and 
1 1 u(ls(iir»i Days, and the channels leading into them, deep 
inl>> ihc (continent, and among its outlying appendages. 
That <if Siberia, and east Asia in general,' is not so 
al'v ious a resttlt df Oceanic wuscs. It arises rather from 
the extension across Asia of the lofty mountidn-chains 
hetween the 30tb and lOith parallel, which increase the 
rigour of winter to the countrias nol^ of them, by 
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aiitMa»d% and oldiguig it to 
its moisture ou ihm summit^ tfaus dnuniiig it 
m its latent heat^ vhicli would otherwise be given out 
j to the plains beyond in rain or snow. 

(259.) The de\iations of the isotheral and isochei- 
monal lines from each other, and from the annual ii>o- 
thermals, or the exaggerations of the annual fluctuation 
of temj[)erature at any place, refer themselves quite as 
obviously to a prevalence in its neighbourhootl uf great 
tracts of land or of water, and are, in fact^ wheit^ in»t 
accounted for by special and local causes, no other than 
thermic expressions of its more or less approximation to 
a ‘'continental” or " insular” situation. (See the 
on ilETLOROLOfrY, above cited, art. 40.) As nistan(‘e< (»} 
purely insular climates, we may take those of tin* A?r>i’ '' 
where the difference of mean summer and w inter m| * ~ 
ratures is only 8®; at Bermuda, 13^; m the liumllv 
Isleb only 2"; at St. Helena, 0\ As examples ol ct*jn - 
neiital ones, we find at Ihrague a difference (>i > 

Tiflis, 44®; at Astmclian, CF; at Orenlmi*g, <33 : ‘ 

Yakutsk no less than 102°, the 7/mf/t wintei temjM i, n.o 
there being - tO®, and the summer, -f- 02°. In tin into i j 
of North America wo find this difference canicd n 
quite to so great an extent, but still far beyond \\\uo 
prevails over the whole of Europe, amcnuiting U) 41- .ir 
Philadelphia and Washington, and to 51® at Foil Sm l 
ling, in latitude 44° norlli, and longitude 04° we^< ; the 



winter beings 14^ md the suxnnier-f 68^; 

while at florenc^ in the same latitude, the corresponding 
temperatures are iV and 74®, 

(200.) The difference between land and sea climates 
in this respect tells upon the general average of the 
whole earth, the northern hemisphere having so great a 
j)reponderance of land. By comparing the results of 
legisters, in j)ositions adapted for the purpose, Mr. Dove 
liius anived at the remarkable conclusions tliat the 
lueaii .summer temperature (July) in the whole northern 
luunisphere is 70®*9, and in the southern (Januaiy) 59®-5 
— while the winter moans for the two hemispheres 
(ivs)»ectively January and July) are 4S®-9 and 33®*6 — 
to the whole e^irth an average surface temperature 
of with an average excess of 8® in July, a kind of 
i^ciK raJ Slimmer, due to the cause above mentioned, and 
wliich would be even more influential were it not partly 
t oinitia'aicted by the greater proximity of the sun to th^ 
oartli ill Januaiy. 

ritil.) Mr. Dove calculates the mean temperature of 
till- \v]io]o terrestrial equator at and that of the 
Moi di jKtle at + 2°% and the mean summer and winter 
(l•nl))crature8 at the poles at + SO'-d and -68°^. It 
liantly need be observed that the extremes of absolute 
iciiiperature over the globe vary within much wider 
liinits. Hit C. Napier records a temperature of + 182* 
in tlio shade in Scinde in June. A midn'^ht temperature 
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iiMved of 
Qb ibe oAl« XMe xeooidi 

Emd Febroaiy at Beoadto Bay (JS" 
88" If. H 41' i long). Captain Ba4 at Fort 
Miance, ob8erved*-7(f, and Omelin, at Eiringa, in 
Siberia, has recorded an observation of -120® (Thomson). 
The differmce of the extreme is 252®, which exceeds hy 72® 
thevdide interval of Fahrenheih seals between thcfnainy 
and (he hoilmg points of water. 

(262.) The isotherm 32® F. limits the region noind 
the pole at which (below' a few feet from the surfUc*) 
the soil may l>e expected to be found hajj^itually fn-tzeii. 
The course of this isotherm, as drawn in K. Johu-ton’s 
Physical Atlas, is as follows: — 

Longitude, L.tit i'!* N j 

n'jgreoi? 1 

240 
270 : 

300 . 5.i 
a:}o • »;4 

(263.) The line descends then, in the two 
to nearly equal latitudes (50°). Tlie places wh^.oe 
takes place are at Irkutsk, on the Baikal Llk(^ and at 
the sodthem extremity of Hudson’s Bay. Tin* Laiuidr 
is about that of Cornwall, whose mean teiuperaturv \< 
52®. At Yakutsk the soil is frozen to a di-pth <4 
i upwards of 630 feet, and would be so no d(>ul>t to a 
j much greater depth, but that the prevalence of hot 


LofDgitade.l 

t.atltu4e N. 

l40fngita<l«. . 

latitude N, i 

Degreefl. 

Degrees. 

Degrees, i 

1 Degree;*. 
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30 

70 
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53 
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60 
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58 

00 
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jqniBg^ d)6£ii indicaito a sul^ 

iwieansoiimQfim^^ Througiicraitfiuasia and Siberia! 
if we put confidence in tibe ocmcliiBiona of M. Eupffer, 
there would seem to exiet sozne internal cause of dis- 
turbance in the temperature of ihs ml, as distinct from 
the mean temperature of the air above it 

(264.) The line of maximum mean temperature, oi 
tlie thermic equator, by no means coincides wjth the 
true equator. Over a great part of the Pacific, indeed, 
and in Mid-Atlantic, it does so pretty nearly; but in 
those longitudes which include the great masses of land, 
it deviates northward, crossing South America in about 
.V" north latitude; and in the 180 degrees of longitude, 
which include all the eastern world, from the west of 
Africa to tlie east of Australia, it approximates much 
inoiv neatly to a great circle, inclined at an angle of 15® 
to ihit equator, and crossing eas^lSi gg> Ar abia^ andthie 
]M'iiiiisula of India nearly in that latitude north 

(265.) Distribidion of Mmture, — In considering this 
braiicli of our subject, we must distin^ish between hygro- 
nj(»(rieal moisture, which exists as vapour in the atmo- 
.s[>]K'ro, and is ready to be deposited in dew at night, and 
that wliich falls in rain or snow. The former is always 
present to a considerable extent, at least witl^ha-^uiaw 
hundred nf tho tmA in its average amount 

(under that condition) is related in great measure by 
the mean temperature of the place. To such an extent 
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is this the case, that^ with the exception of four places 
(Hobaitown^ Madrid, Tiflis, and Washington, the three 
la$t of which are obviously exceptional, and influenced 
by veiy special and local causes), ♦ the mean pressure of 
aqueous vapour at all the stations (21 in number) in all 
latitudes, set down in the list of carefully determined 
ones, at the end of the treatise on Meteoeology already 
referred will be found to be represented by the formula — 
006743Gm.x(l-032075)^ 

(Where t is the mean annual temperature in degi*ees of 
Fahrenheit), within limits hardly exceeding the diffe- 
rence between the mean results of succ^sive years tor 
each. It increases rapidly therefore in approaching iho 
equator from the polos. The nliUive humidity of tin* 
air, however, or the proportion of its vapour to that ♦d 
saturation, on which depends what is commonly tall» d 
the Ttwistun or drynm of the air, or, its evaporatiioi 


power, is much less dependent on local situation ; un L 
with certain remaihable exceptions, may ha takon, u 
general average, as about 075, or three-quarters iff .i.r 
plete saturation at the mean tempemtur#.*. 

(286.) The laws which regulate the distribuii* n t 
lain (including snow, hail, etc.) over the globe ua nn 
complex, and its amount;, botti avmuge mid 


much greater 


a norii.;.y 


depending on kmt 
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hygrometric moisture. GeneiuUy speaking, the average 
rain-fall of the year is greatest at the equator, and 
diminishes rapidly, but very fat from regularly, in 
approaching either pole. The average annual rain-fall 
over the whole globe has been roughly estimated at 60 
inches, or 5 feet in depth — between the tropics, 96, and 
in the temperate zones, 35; that is to say^ 3 7 for the 
northern hemisphere, and 33 for t he southern. In high 
latitudes, where unaffected by abnormal causes, it is 
much less, — ^thus we find an average of only 13 at 
rioaboig, and 17 for Petersbuig.* When we consider, 
however, that regions of several millions of square miles 
ill ( xteut exist not far from the tropics, in whicli the 
average of rain is ni/, wliile in others it amounts to 200, 
and even ^600 inches, we see that it is an element 
to baffle all exact calculation, and that all that can be 
done is to indicate the sort of local conditions favourable 
or nuluYourable to a high average. 

^267.) The favourable circumstances, besides prox- 
iinit Y to the tHjuator, are, — Is^, aijid within certain limits, 
ohAation alvive the searlevel Thus we find for the 
nouAnoimtainous districts of Europe an average of 23 
inr lios, and for the mountainous ones 42. The inftuence 
‘»l’ thin fxmdition, however, diminishes b^ond a certain 

* partictikrt, m wdl tit liMX tht Stta, and macli of the 
mhkk 6^* ftf (or coaoludod) fbm Mr. 
IbntK ^ohniitou*# tmUtnl nymfikf 
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which is not the same in all countries, vaiying 
from 2000 to 7000 or 8000 feet. Nor is it absolute, but 
depends much on exposure and on the general configura- 
tion of the soil. Thus an elevated and extensive table- 
land, like the interior of Spain, receives less rain than 
the plains around it, the current of vapour-bearing wind* 
being tossed up into a higher re^on after travelling up 
its slopes, and in so rising, precipitating its moisture. 
To give the rise of level its full power, a slope increas- 
ing in steepness, and facing the moist wind (whichever 
that may be), is requisite. A table-land surroimded by 
mountain ridges overtopping it (such as Tliibot, Boli\ia, 
and Utah), is necessarily arid. 

(268). tdly^ Exposure on the sea-coast to wana 
winds blowing from the sea. These, in the tea)}>^.*mte 
zones, are the anti-trades. West coasts, then, an* rain\ 
in these zones, in comparison with east, llie nu an 
annual rain on the west coast of England and S«‘(»tlaiui 
is 45 inches, a(3cording to Mr. Keith Johnston, whib^ tla.' 
average for the east coast is only 27*4 inches. This is 
among the most prominent and general Ii 

the west coast be a high one, and especially if tin* 
adjacent to it be habitually warm, it is cani» d t** a 
maximum. Thus we find along the northwest coiust 
Amarica, from Sitka to Vaitcouver's Island, and aloni.: 
our own wert ooests and that of Scandinavi^s, m tmund 
mxmt of rain far beyond that which might 
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from the latitude. The average for Sitka (lat. 58'') and 
for Bergen (lat 60^ are each of them 88 inches, which 
for so high a latitude, is enormous. Now, both these 
stations are in close proximity to the northern “foci of 
maximum relative warmth,*^ which is situated at sea to 
the westward in either case (arts. 254, 256). The west 
coast of Patagonia is also remarkable for daluges of rain, 
but being in the immediate proximity of the principal 
focus of maximum relative cold in that hemisphere, the 
rainfall is chiefly confined to the winter months, whereas 
in tlio northern stations it occurs indifferently at all sea- 
sons. 

(269.) Between the tropics the rains are periodical,^ 
niul I’losely accompany the progress of the vertical sun. 
In India, however, it is the monsoon which blows on the 
cnast, and not the }xmition of the sun, which determines 
tlu' rainy season. This sets in on east coasts with the 
nortlH\nst monsoon (April to October), and on west with 
tln' south-west (October to February). The region of 
tljc monsoons extends over China, and there it is the 
north-east monsoon (that which blows over the north:^ 
west Pacific) which brings the reins, 

(270.) Influences unfavoumble to rain are— Situ- 
ation under the 1 ©d of high land intercepting the vapori- 
femus >vmds. Exposure oh east coasts in the temperate 
voiles, and on coasts remote fmx the monsoon in India, 
i« one form of this condidipu » tt fa carried to its extreme 



HA PHYSICAL GECH^HY. 

when immense and lo% moimtain chains rising through 
half the atmosphere of air and much more than half 
that of vapour, intercepts the latter in its progress 
towards them, and effectually drains the winds of their 
moisture. In such cases, when the leenjountry is at a 
comparatiyely much lower level, the descending wind, 
having parted with its vapour, and acquiring warmth 
by condensation, becomes arid and parching. 2%, 
Exposure to the indraft of trade-winds coming in from a 
cold&r region. This influence is carried to a maximum 
when such winds, to arrive at the place, have to traverse 
much land and little sea, the supply of moisture being 
less, Even in the open ocean, as we have seen (art. 20), 
little or no rain Ms within the sweep of the trades. 
2dly, Absence of vegetation in warm climates, and 
especially of trees. This is no doubt one of the reasons 
of the extreme aridity of the inteyipi of Spain. Tin* 
hatred of a Spaniard towards a l?ee is proverbial. .Many 
districts in France have been materially iiijun.nl in 
respect of climate by denudation (Earl of Tx>vela<n‘. on 
Climate^ etc.)^ and on the other hand, lain has bocoini* 
more frequent in i^pt since the more vigorous cultiva- 
tion of the palm-tree. A sandy or mky soil is no less 
influential in producing aridity. 

(271) McMm Distiets.--^Commmmg within a 
of the coast of and including 

iri3l|enpiihof AlHca (except liuds and AJgam), iSjiia 
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the northern half of Arabia ae far as the 20tb degree of 
latitude, and almost the whole of Persia, extends a zone 
of an average breadth of 900 geographical miles, in 
which rain is altogether absent, or of very nnusnal 
occurrence. With a mCnow intermption, where the 
chain of the Himalaya passes into that of the Hindu 
Kho, and which includes Afghanistan and the Upper 
Tunjab, this zone is prolonged north-east through !Hiibet, 
Upper Tartary, and into Mongolia, expanding some- 
what in breadth, under the name of the Deserts of Gobi 
mil Shamo. (In Africa it is known as the Sahara, 
md extends southward, when widest* nearly to the 15th 
(larallel). It is thus broken into two great rainless 
listricis, the one comprising about three millions, and 
he other nearly two millions* of square miles, which 
■xist as such under widely different conditions both 
geographical and meteorological, the separation between 
lii'iii being strongly indicative of this diversity. 

1 ^ 72 .) Deserts of Gobi and Skamo . — The aridity of 
hi^i Vision is of very easy explanation. It unites in 
iicvfcetion all the. conditions of dryness. It is fully 
within tlio sweep of the north-east winds drawing in 
i^nnu Siberia towards the sun when vextioal over the 
liurning plains of HindtKitan^ with an immense r^on 
^ Uy ft TAiigli ukftftfturemeat, u laid down in K. Jobnston'a Physical 
Atim (allowing fto ^JoctSoSi). M tiaaally atated^ tlio tfoas are 
niucli ksfl. lliutiboldt mado d Ootl/ with TbSet, only 

549,000 square miloa. 
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of land to windward. It is sandy or rocky, and treeless ; 
and it is completely cut off from receiving my rain from 
the anti-trades in the winter haK of the year by the 
barrier of the Himalaya. 

(273.) Deserts of Africa^ Aralm^ Syria^ and Persia , — 
I. During the months when the sun is north of the 
equator, the whole of the region occupied by these 
deserts is within the sweep of the N.E. trades, which, it 
will be borne in mind, extend over continents to a fur 
wider range from the equator than at sea ; both because 
the medial line of heat follows the sun more closely, 
and therefore oscillates within wider Hmits of latitude ; 
and because the heat itself on and adjoining to tliat 
medial line is greater. These winds, in arriving at 
Arabia, Syria, and Persia, have travelled almost entirely 
over land. Those which arrive in Africa, it is true, liavo 
traversed the Mediterranean ; but this is a narrow st u ; 
and we have already seenf that even th(‘ ocean ciinnot 
supply vapour enough to saturate the coutirnialh- 
increasing thirst of these winds. IL When tht* ^uis 
south of the equator these regions lie within the. t 
of the anti-trades, and being under no uit^rceptlng in tin 
encCf might be expected to receive min. But the win* is 
can only deliver what they liave taken up and not n- 
deposited. JTow/if we ti»ce ih ike > 

the coirse of any parcel of m from any pan 

of the dry regiem it the mediai ^ 1^^ of heat (indicated 
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at its greatest southern limit by the dotted line) as a 
surface or trade-wind (followings that is, a parabolic or 
hyperbolic curve having its vertex on the equator), indi- 
cated by’*^ , and returning as an upper current along the 
same track rmrsed \ , until it shall return to the surfece 



s, 

as an anti-trade, we shall find it to lie whoDy, ot afinost 
wholly, over inte^^pical land, and that land hot and 
dry, for its moistuxe has been mUinuaUy swept vpwards 
tomrde the m the soixthwai^ ptpgresd of that 

Htk 3, and continually diiehaiged upon it in torrential 
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tains, wnch mote copious and tberefoie more exhanstr 
in^ than the equatorial rains at sea, by reason of the 
greater elevation attained under the influence of more 
intense heat The consideration of the figure vdll suffi- 
ciently explain any point left unsaid. The reader u ill 
observe that we decline adopting the doctrine recently 
propounded of a systematic crossing oi the south-east 
and north-east trades at the medial line. In so doing 
we are no way disturbed by £he phenomenon of infu- 
sorial dust of South American origin which occasionally 
falls on the north-east of Africa. Such dust might W 
taken up by winds tracing in inter-tropical Sf»uth 
America precisely the same parabolic courses as 
in Africa, and carried in their return northward as uii 
upper current across the Atlantic. A gotnl i>oition ol* 
South America” too — all the sultry Llanos of tlu* 
Orinoco, in which much infusorial dust, the dried 
residuum of the inundations, might be producefl imd 
whirled aloft, lies north of the equator. 

(274.) The west coast of Pera and ikdiviu, as jar a.- 
the ^Oth parallel, is rainless, as is also very neiuly »» 
the plateau of Mexico and the w^est coast of (luiiU umla. 
These lie within the region of the trades, and thuti-h 
these sweep over sea as regards Mexico, any xnim. thf > 
may bring are discharged on the eastem fA tUv 
mountafns which xoooive them. A similar caviar, 
revensed in the direction of ite iniaefioe, depritci^ th* 
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eastern side of extra-tropical Sputh America of rain, 
which the Patagonian Andes almost completely intercept, 
as brought from the Pacific by the north-west anti- 
trades. CaJifomia, Utah, and the countries under the 
lee of the Chippewyan mountains, are, in like manner, 
hindered of their due supply from the south-west anti- 
tj-ades, which is dischaxged on the western slopes of the 
coast ranges. 

(275.) South Africa, though arid, yet as it receives 
l>oth the trades and the anti-trades from over wide 
oceans, is not condemned to that extreme of siccity 
which ch^jkracterizes its northern region. The west coast 
receives a great deal of rain from winds sweeping over 
the waj’iu watcu' of the Mozambique current, drawn 
iiilaud by tlic proximity of the heated interior of the 
» oiitiu(?nt^ and discharging their moisture on the coast 
raniTcs of Zanzibar and Mozambique. 

^270.) Snow never falls at the sea-level between the 
tinph^s. Canton, just on the northern tropic, has been 
‘ u ( asionalJy astonished by a snow fall In the southern 
iiciui.s])here the limit is more remote froxu the equator — 
Sydney (lat 3(5'' S.) and the southern parts of ^the Cape 
< ^ ‘Inny, as fiir as the 82d parallel, lie within its occasional 
range ♦ In the north Atlantic it hardly attains so low 
45 ' of latitude. 

* On tho conUasat of America it has boon known to fail at Bnonoa 

Ayres 
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(S77.) The ttaad^pn tram an inter- to an extra- 
tropical cUmate, as regards Ml of rain, is charac- 
terized by a very marked change in the season of the 
rains. In the formw, as We have seetn^irential rains 
accompany the son in its approach to the zenith. In 
the latter, on the contrary, the r^ons a^aoent to the 
tropics are visited exclusively, or chiefly, by rain in the 
winter months. The reason is obvions. In the former 
case the rains axe those which Ml on the first elevation 
of the vapours into the higher r^on of the atmosphere, 
and therefore occur vertically, or nearly so, over the 
place where that happens. In the latter, they the 
first rains given out by the residml vapour on the descent 
of the upper current to the surface as an anti-trade wind, 
and are, so, periodical in another sense, owing to the 
fluctuation of the limit between the trades and anti-trades. 
In open ocean, under the equator, or rather from 4*" to 
9° north, there is a zone in which it rains lieavily, mui 
almost daily, in the afternoon hours, the rains bLing 
accompanied with frequent and violent electric dis- 
charges, while the nights are serene and cloudless. In 
the higher atmosphere, between the levels of the ui)pcr 
and under current, occurs a calm sfratum whicb. 
over the sea, is almost always uniformly and duusciy 
clouded. 
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DisnuBonoN of Tbukdeb-Stormb, Horbicanes, and 

Eabthquases. 

(278.) The explanation of tliese phenomena, 
physical facU^ belongs to the departments of Meteob- 
OLOGY and Geology as bodies, of science. Theix distri- 
bution and greater or less intensity and frequency in 
different regions of the earthy with reference to the local 
conditions and peculiarities on which these depend, 
however, form part of our present subject As elec- 
tricity is accumulated during the evaporation, and 
discharged in lightning during the rapid and copious 
condensation of moisture, we should expect to find 
tliunder-storms most frequent in those regions where, 
owing to any general or special cause, the condensation 
of vapour is frequent and sudden, ahd least so where 
moisture is most copiously and continually abstracted 
from the surface by evaporation, with but little return in 
rain. And such is the case; for it is observed that in 
those parts of the ocean over which the trade-winds 
swiM'p, thunderstorms are very unfrequent, while in the 
zone of the equatorial rains from 4* to 9* north latitude, 
whore the first and most copious discharge of the up-cast 
vapour takes place, end where the douds form rapidly, 
and huny to ^eir tesdtdaon at regular luhits of the day 
in rain, electric discharges are exceedingly frequent and 
violent So also the Sdtiii^ iu of the rainy monsoon, in 
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fhemnsoon countries, iislisliereij k witbvitdent thunder- 
storms, and so in certain locaUtieo, where, during certain 
seasons, and at regular hottn of the day, ckmds collect 
.anf rain falls copiously (as ih the mountainous parts of 
Jamaica, and in certain vall^ leading off from the 
Lake of Como in Italy), thunderHstorms occur dailv 
during the hottest season. 

(279.) In the Polar r^ons, both arctic tmd antarctic, 
tbundenetorms are of very rare occur^ce, a sufficiently 
copious supply and sudden condensation of vapour l>eing 
wanting. M. Geisecke, who resided six years in Green- 
land, only heard thunder once (Mrs. 
Thunder-storms, too, are unknown in the rainless dis- 
tricts of Peru and in California (G'Sism), under the h e 
of the coast-ranges of mountains, which, at the same 
time ri>at th(^ condense the clouds, attract and carr)- oif 
the atmospheric electricity. Generally speaking, tluy' 
are more frequent on mountains than on plains. About 
forty per annum are reckoned to occur in Greece and 
Italy, and about twpnty-four on the coasts of the Atiaut; 
and in Germany (Mrs. SomervUls), In the Tnited 
£ktt^ they are more frequent and fatal than in Kunpe. 

(280.) Violent gales of wind, amounting to wb.it 
may be called hurricanes, occur |ne£ty genmlly ev< n 
where rnutfpt on the equatorial seas; hut in the g^p}>r . 

of Asia, and in the I^Sieriire plains at th<‘ 
tooi tii the Alta^ aa as among thc^ uni the Tung 
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nou moimtaiii^ as deaciibad by Mr* AtkiiiBon^ they 
appear to be singularly fipequent and furious. The true 
hurricane^ cyclone, or iyphoon, however, is restricted to 
very special regions, and its production (as explained in 
Metborolooy) is the result of conditions requiring the 
ascent of locally-heated columns of air or vapour, with 
a free in*dr^ from all sides. Accordingly they are 
limited at sea to those situations where (im(|pr the 

uecessaiy conditions as to latitude) currents of heated 

*' 

water exist Where (as in the Gulf Stream) the current 
is limited in breadth by a well-defined boundary, within 
which the water is very much warmer than the sea on 
eitiier side, they follow, with what may well be called 
considerable precision, the general course of the current: 
descril>iiig {>arabolic curves in their progresi^ having 
the island of I^rmuda for their focus. In the Indian 
iiml (^hina seas they appear in the ^neighbourhood of 
ilu* warm currents, but these cxirrents being much 
iutav difiuse and ill-<lefined than in the case of the 
Stream, the region over whi^ they prevail is 

< orrcspomUngly illnlefined ; and in the China Sea this 
is still more markedly the case, though bearing a very 
obvious relatioii to the warm-water currents sldrtiug the 
oast coasts of Asia, 

(281.) Earthquakes, of course, habitually infest ooun- 
U'ies £uljacent Iq ao^ve volcanoai*r->8udi as Sicily and 

< iibibria in &rope^ wd the Aojjm. 
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in South America, where tibey axe stated by Humboldt 
to be so frequent^ that their occurrence, unless severe, is 
no more regarded than that of a shower in Europe. 
Java, Sumatra, Japan, and the islands of the Eastern 
Archipelago, are also exceedingly subject to such visita- 
tions. But, besides these, there are districts which, for 
geological regions less apparent^ being out df the vicinity 
of anj; active volcanic vent, are infested with frequent 
earthquakes. They may, however, be for the most part 
traced for an origin to mountain chains in wdiich either 
unequivocal evidence of long extinct^ and therefore pos- 
sibly still dormant, volcanic power, can be adduced, or 
which stand out as grand original axes of upheaval. 
Thus the whole of Upper India, and a large portion of 
Western India, from the Himalaya to the mouths of the 
Indus, is very liable to earthquakes, evidently referable 
to the Himalayan range as an axis of emanation, and 
proving clearly that the forces which originally ujda^aved 
those mountain masses, are still active, though their 
energy may perhaps be expended in maintaining tle ni 
at their present elevation. Between 1800 and 1842, n<* 
less than 162 earthquakes have }>een recordo<l in tlu se 
districts (K. Johnston). In 1843, 23 wen? and 

adace iJiat time 4 ox 5 annually. In the j^nhi^nhi of 
Indiu they seldom occur below 15^ K. latitcula 

(28%) XmceaUe to the im%hbqiiriKM^ of voltaj>»x i:, 
not qidte eiliiict, or which, withii* historic have 
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shewn signs of activily, we find Greece, Turkey, Asia 
Minor, Syria, and Palestine, wiih the district adjacent to 
Mbmz and the Caspian Sea and the Caucasus, noticeable 
as earthquake regions. Antioch was the centre of one 
of the most terrible and destructive earthquakes on 
record in A.D. 526, and Syria was visited no longer 
“iigo than 1837 with an earthquake extending over 4000 
or 5000 square miles of country. 

(283.) The sputh-eastem districts of North America 
along the ranges of the Appalachian and Alleghany 
Mountains, are liable to Sequent earthquakes. More 
than a hundred have been noticed in the last two centn- 
ries (Keith Johnston), which, to judge jBrom the direction 
habitually taken by their oscillatoiy motion (from S.E. 
to N.W.), would seem to owe their origin to some^deep--^ 
seated centre of action beneath the line of the great 
Mexican volcanoes. By one of the more recent of these, 
the whole valley of the Lower Mississippi was violently 
ai^itated, and its levels permanently altered. Lastly, 
quite beyond all reference to any reasonably distant 
source of volcanic powCr, we find a district of very 
limited extent in the county of Perth, near Comrie, in 
Scotland, where a year seldom passes without a shock, 
though never severe enough to do any material* damage.* 

^ l» IS(K) a nhciek of m aanliqnako wm Iblt in MtonU plaooB in 
Ktini, to lot beUii tinging laS to tiirow down looie 

articles in dwnll^ llOttiOt. 
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Ih the Cape districts of South AMca> too, still more 
remote from any such centre of action, slight shocks are 
far from unfrequent Generally speaking, what may be 
called the earthquake belt of Europe is conterminous, 
or nearly so, with the zone of newer igneous formation 
and extinct volcanoes, descril>ed in art. 127. 

• (284f.) On the otlier hand, vast regions, chiefly exten- 
sive alluvial plains, or the low districts which extend 

m 

out to great distances from the principal mountain 
chains, enjoy an immunity frcun earthquake .shocks, jus, 
for instance, America east of the Andes, and the gtx?at 
plains on the north-east of Europe, and the north ot 
Asia. When? historical evidence i.s deficient, we ha\ e 



often proof, from the wntimtwi upri^dii 


ancient monuments, IxAh natumi and t lit? 

absence of at least any great c«trt{iqtmki* i rrr 

tion, or since their attaining tteir prc-iyid fvrui. voui 
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that, too> in situations where such complete exemption 
could hardly have been expected. Thus in Mexico, on 
the Mimbte Biver, near El Faso on the Bio Grande, we 
find described andigured by Bartlett (Personal Karror 
im, &C.), rocks, as in the annexed cut, which could 
not possibly have resisted even a very inconsiderable 
'^ocL On the west coast of Greenland (much of which 
is of volcanic origin) the same conclusion may be drawn 
from the existence of a i*emarkable slender pillar of rock 
200 feet in height, figured by Dr. Kane under the name ot 
Tennyson's Monument. An ancient columnin the country 
bordering on the Inilus, said to have been erected by Alex- 
ander the Great as the landmark of his Indian con- 
qiu sts, has been in like manner appealed to in favour of 
an exceptional degree of stability in its site in a region 
generally much subject to agitation. Pompey's Pillar 
fiords similar evidence for I^ypt during<the last eighteen 
centuries, though its prostrate obelisks testify no less dis- 
liiK ily to mrlier concussions. The Pierre Botte, in the 
isle of MAuritios, oftbrs a similar testimony. Prom the 
itnuicnsc weight and singularly slender support of the 
blot'k mi its summit (perched on a pillar of rock 1500 
lect above, the sea), it must have been precipitated 
by a very moderate shock given to its base. 
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Tmmsuh Haokehsil 

.^0 pEMli# 

ai«ral coup dVfiil of tiUb 

and to the exposition of the chief ontlines of those facts 
vhich regard the distribution of xnagnetisin over the 
globe, and which are rather of a gec^phical* than T 
physical nature, referring for a more detailed account 
of it "to special treatises, and, inter alin^ to the article 
on Magnetism in the Encyclopiedia Britannica. In 
doing we will suppose the reader to have b<"fore him a 
c/iart of the world on the Mercator pnyectiun, wuh 
two polar charts of the arctic and antarctic ifgioth, < i 
our chart in Plate L in their stead 

('286.) The magnetic elements whidi ob‘-ci»\utjoi 
furnishes are — Ist The horizontal direction (>f tla 
needle, or its ‘Mecliiiatioa” east or west fium iImi t-i 
the astronomical meridian of place 
which may be regarded as -f <>r — ; the yi^]n 
ponding to the absence of any such diMate^n 
Its dip, or the ** inclinatiun ^ to the Ikui/uh, wle n 'U 
pended by its centre of gravity, and allnwrd Ip -a * 
take its own position. When the nouh end 
needle points downwards, the inclination nui} \>r ) 
garded as -f, when it rests horizontal, as 0, ami w lu n 
it points upwards, as — . Sdhj, Tlie iutettHt\ tie 
horizontal component of the total directht^ poad nf 
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the earth (m it; and That of the vertical com- 
ponent of; lit# ^ toisd power. By the relation 

subskiji^ tlie geomet^ 

element#^ mentioned^ aiiy three of them being 
given» the^ other may be founds and, moreover, the 
“total intensity,” or the absolute directive power of 
*the earth on the needle, from whose vertical and hori- 
zontal resolution the two forces originate. The declina- 
tion, the bidinaiion, and the total irUemity, or simply 
the intemity, are the three primary features which the 
iiiaguctist regards, wliose amount and character in all 
ivgious of the globe magnetic charts are constructed to 
exJiibit to the eye, on the same principle as the exhibi- 
(inn of tJie distribution of heat by a series of isothermic 
If all the places in which each of these primary 
cU-inents holds one and the same value be connected on 
a chart rd’ the world by its appropriate curve, and if a 
si*rios of such curves be laid down, in which that value 
\ aiicd by successive steps of 5®, or 10° + and — from 
0 f .i the angular elements, and by successive lOths 
or 201I1S of the maxim um intensity, or of any arbitrarj’ 
and convenient unit of directive force, we obtain charts 
ivsjK (lively of the “Isogonal,” ‘‘Isoclinal,” aud “Isody- 
iiamic/’ magnetic lines as they stand related to the 
‘'oiitiguration of the land and water of the globe, and to 
its meridians and parallels. The several elements 
tiunnseives, it should be observed, are attainable by 
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observation, even at sea, with a preoit^loii truly mar- 
vellous, and little short of that attained by astronomii ul 
observation. Greneral Sabine, who has bestowed infinite 
pains on the collation and discussion of all the recorded 
observations of voyagQi% travellers, and those specially 
ini^ted in ^Ha8|ieiic Smefaf has auefa 

chinte for the epo^ of 1840, which the* 

Physical Atlas of Mr. Keith JohxsBton» from which, and 
from the introduction to voL iiL of the Toronto Obser- 
vations, the following particulars are mainly col- 
lected: — 

(287.) The globe is divided into two nuignetic hviid- 
spheres, a northern and southern, in the one <>f wliirh tlu- 
needle dips northwards, or the inclination is -r» and di 
the other the reverse*. The line dividing the-** i< n. : 
precisely a great circleof the globe, but do*‘h iv^t devi^tir 
very widely from one. It is not coincidejii, huwr \ * r, 
with the earth’s true terrestrial equator, hut iiu linc 1 i 
it at an angle of having its nodes or f 

intersection with it, the ascwHflfj in longitude ;i“ ' . jui i 
the descending in 187^ east of Greenwich. In 
cipal deviation from a great circle in a i.uL* ; 

abrupt abnormal excursion from its f fuir * 

southwards, where it crosses the east coast of 
America and runs into the Atlantic. 

(288.) Along the whole of this “line of no 
which is sometimes called the “magnetic e^iuator/MiH 
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needl(i, of course, rests horizontally. Receding from it 
on either side, the dip increases gradually (and, on the 
whole, not very irregularly in low magnetic latitudes) 
from 0° up to 90”, which it attains at two points, and 
im fmti oiUff, which are vesy conunonly designated as 
the N<Hddi These pomte 

'lare hem isttethec^ li^ 

southern newly, by S& J. 0. Bole in his memorable 
arctic and antarctic voyages of exploration. The former 
lies in lat 70” N., long. 263” £ ; the latter in lat. 75° 
S., long. 154” E. They are, therefor^ not diametrically 
opimite to each other, nor either of them coincident 
with the geometrical pole of the magnetic equator; and 
liciice arises a want of symmetry in the isoclinal curves, 
wliich, however, follow, with some approach to fidelity, 
;i parallel course oii^both sides to the magnetic equator. 

(289.) The globi‘ is also divided into two ideal magne- 
t ic hciuisjiheres, by a medial line, or equator of minimum 
inf, li-nitf ; and these hemispheres arc, upon the whole, 
I'l'i tiy lumrly conterminous with those of north and 
eolith dip, the medial line being fcre also not very 
V. idiily (liti'ertmt fn.mi a great circle, 12“ or 14° inclined 
lo tlie true equator, and intersecting it in two points, 
l ''(r distant in longitude, viz., 32“ + and 212* + east, 
for the .ascending and descending nodes respectively. 
And it deserves remark, that in this also the chief 
abnormal deviation from the general course of the great 
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circle is of the same character, ami o* curs lu arly at tla* 
same place, as in the otlier equator, about the luiddle nf 
the Atlantic. Tlie intensity is, In wevf*!*, nut <*xaciiy 
equal in eveiy part of this line, tliougi: always less in it 
than in any part of tlw adjacent regioh n‘)rth or south 
of it The point of absolutely least ni; LTiicth- iuten>iiy 
on the globe is situate in the mid-Atlantic, somewhere 
about the parallel of the tropic of Capricorn, its exact 
positioii being; finom the natnpe of tbe difficult 

to define. The qniton of Mem is more 

complex than that of the isodiiialt and the iimjdest con- 
ception which can be formed of them k, to regard them 
as the level lines of an ideal mode! smiace; of which the 
elevations above the sea-levei are proportional in everv 
place to the intensit}* at tliat place. So definefl, this 
surface wu‘11 have a channel or valley runaing K*uud ilii 
whole course of the magnetic l^uatur, from which it 
will ascend on either sid^i, so as to form twu great r. 
tain-lihe protuberances, each occupying one iK iaisjdi* rr 
The least magnctir; inteusity ?tii)W'hea' oUerv i d b« 

0.9 parts of an arbitrary gpale, ou which tiir -i : 
2.05, if we suppose the lowest point of the f ipiatt n 
depression to be 900 fet above the tin- ii:i < 

culminating point of the whole surface will In* 

This point is ascertained by obs^rivatious ol o* 

be situated neafly on the anterctic drck^ at 

long. E., in Adclie Island. Besides this, tite coal’s*; of t h‘t 



TERKESTUIAL MAGNETISM. 203 

level lines indicates the existence of a second culminat- 
ing point or i)ole of maximum intensity, at a still higher 
soutliern latitude, and someAvhere about the 240th degree 
of longitiule, but which has not yet been approached near 
cnougli to define its exact situation. In the northern 
hoinisphen* aiv also two similar culminating pomts or 
'iuaxima, llic one in Siberia, rising to 1750, nearly at the 
)X)int where the river Lena crosses the arctic circle, about 
the iSOlJr degree of iongitade^ and the other to 1860 in 
Noitii JamdoA, about W K lak and 270^ £1 long, 
south-west of Hudson's Bay. Between these culminations 
runs a line of depression, following nearly the course of 
the meridian, passing through Behring’s Straits, and 
bisecting the Pacific on one side of the globe, and passing 
<«ut of the Arctic Sea by Spitzbeigen, and down the 
Atlantic on the other. 

(290.) Lastly, the|^obe is again divided (though less 
dt fjnitt'ly) into two magnetic hemispheres, or rather two 
ve ry uiiecjual cA)mpartments, an eastern and a western, 
l»y tb(* ii/ic of m iMinatiofu This lino (which neces- 
s;iiily through both the poles/ appears on a Mer- 
niUn\< t'baii (in w’^hich the poles cannot be represented), 
two distinct lines, whichf were it a meridian, would 
bt at right angles to the eluator, and cross it at 1J80'' 
dillbreuce of l^gitude. .Stsh, however, is not the case; 
ucglecting it ^umes the aspect of two 

oblique ttoi N.W. to a£, at angles of 
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about 70 "* with the equatoi^ and dividing it into two 
unequal arcs of longitude at the 100th and 310 th degrees 
east: in the Indian Ocean, southwest of Sunmto; and 
at the mouth of the Amazon river. Of the compart- 
ments so defined, the smaller, wliich may be termed the 
western, inasmuch as m every part of it the needle 
deviates westward from the meridian, includes the 
north-eastern comers of both North and South America, 
the whole of the Atlantic, all Europe and Africa, nearly 
the whole Indian Ocean, and the west of Australia. The 
other includes, with one exception, all the rest of the 
world; but that exception is a very remarkable one. 
Insulated in the midst of its north-western portion, 
occurs an oval space of an elliptic form, its longer axis 
following the meridian of E and its shorter the 
parallel of 50® N., extending over a laige portion of 
Eastern Siberia (including Yakdksk), half the sea of 
Ochotsk, the Sea and Isles of Japan, the Yellow Sea, 
and the North of China, within which the declination is 
w^esterly, and in its central portions exceeds C® W. This 
oval is part and parcel of a medial belt of relatively 
smaller easterly declination which may be traced 
the whole course of the easterly compartment, and which 
leads directly across tluit small ei|uatoriiil o\Til of relative' 
cold spoken of in art. 255, the line of junction holding h 
similar inclination to the equator, and pointing, with 
the other features of this system, strongly to an analogy 
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between it and the system of lines marking out the 
regions of relative warmth and cold there described. 

(291.) In middle latitudes of the northern hemi- 
sphere, when the sun is easl of the ^fieridian during the 
/(/mum, the needle jx»ints more eastward than on the 
average of the twenty-four hours; when west also during 
The afternoon, more to the westward. These movements 
are reversed at stations in the southern hemisphere. 
The fluctuation so arising is called the solar diurnal 
variation and its average over the year the Tuean solar 
diurnal variation. Tliei'e exists, then, a line which may 
l)«? regarded as a magnetic equator of a third kind, in 
which the mmn solar diurnal variation is nil This 
line is supposed to be not very different fi'om the line of 
f/iinimum intensity, Bui in addition to these diurnal 
perindicities, there is an annual one de 2 >ending on the 
sun's declination, wfen the sun is north of the equa- 
tor, tlic diurnal variation, as above described, at stations 
nf uUi of the magnetic equator is exaggerated, at southern 
olios palliated, and tnee versd; and in consequence of 
this it hapjieiis, that at stations on this third magnetic 
(Mjuator, although the man diurnal variation on an 
iivd’age of the whole year is nil, yet, during one-half of 
t ho year a diurnal variation, having a northerly character, 
o xistfs, and during the other half a southerly. 

(292.) Beaides these regular fluctuations of magnetic 
action, others of a very singiJlar character exist, to which 
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the name of “Magnetic Storms,” or “irregular disturb- 
ances” of the three elements, has been given. They are 
in the nature of sudden and extensive deviations of the 
needle from its normal position and force. They occur 
quite unexpectedly (subject to a condition presently to 
be mentioned) and simultaneously over very extensive 
regions, and even, in some instances, over the whole 
earth; so simultaneously, indeed, that differences of 
longitude may, in particular instances, be ascertained 
by their means. Their cause is unknown, but is pre- 
sumed to be connected with electric discharges, restoring 
the equilibrium of electric tension, somehow disturbed. 
Utterly irregular as these magnetic shocks are as to 
their particular moments of occurrence, and as to their 
degree of intensity, they yet, taken in their totality, and 
on a great average, obey the law of solar diurnal i 
odicity, but with the singular peculiarity of ]ui\ ing, at 
each station, epochal hours peculiar to tliat station, and 
not identical with the r(*gu]ar epochal hours. 

(21).').) By far the most remarkable feature in ilu' 
magnetic system of the globe?, as expivsscil b} 
several systems of allineation, is its state of Mctilur 
change, by wliich all the isogonai linc,s nre sweeping 
westward in the northern hemisplmiFf^ and msfmmi iu 
the southern. From this it happens, m a m < » ^.sar> 
consequence, that t/mr/mmm: in a cMstaut state ^ i 
change and from this, too, %e may learn to ^vbli 
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much suspicion any general theories as to the dependence 
of directions of mountain chains and mineral veins, on 
the direction of the magnetic forces in action, seeing 
tliat if the present rate of variation should continue, or 
have continued uniform for a few centuries (to say 
nothing of great geological periods), the magnetic state 
of the globe must have been in former ages, and will be 
in future ones, quite different from the present. , 

(291.) It appears to be placed beyond a doubt that 
the moon acts directly as a magnet on the earth’s mag- 
netism, producing periodical fluctuations in the latter of 
extremely small amount, and which belong rather to 
tin* dcpartmont of Cosmical Physics than to that with 
which we are here concerned. 


Distribution of Mineral Products. 

r29o.') The number of chemical elements which go 
to const itiite the total mass of our planet, so far as at 
known, amounts to about 60^ and every year is 
ashling to their number, and to that of the already 
iiuinnu^niblo compounds which they form vMth each 
“da r. 'Phoy are distributed, however, in such extremely 
|m>portions throughout nature, and there are 
o many of them which, so far as we at present sec, 
play (juite a subordinate part in the general economy of 
world and in useful applications, that when we 
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come to confine onr regards to those of primary impor- 
tance, we find the list much narrowed. 

(296.) The element^ substances which occur among 
the materials of the accessible crust of the globe in sucli 
abundance as to constitute appretiable aliquot parts of 
its total amount, are — I. Gaseous. (1.) Oxygen. — This 
constitutes one-fifth of the atmosphere, eight-ninths of 
the sea, half the siliceous and calcareous, and more than 
half the aluminous rocks and soils, besides entering as a 
large element into almost every other minend substance, 
so that it cannot be reckoned as constituting less tluni 
half the ponderable matter of the globe. (2.) Hydrogen : 
which forms one-ninth of the ocean, and of all that 
water which enters into the essential composition of a 
great many minerals, and tlie whole hygrometric eontent> 
of the atmosi>here and of the soil. It enters also largely 
into the composition (jf coal, combined w itii carlxai. .‘f : 
Chlorine, as an element of sea salt, mid, with this exet^p- 
tioii, occurring only very sparingly. (4.) Niingc-n, rt.u- 
stituting four-fifths of the atmosphere, and othelv^i.^*' 
v(iry sparingly disseminated, existing (diietly as a con-. 
stitiKiiit of the nitrabis of potash, soda, and \hn<\ which 
occur in some abundance, disseminated through the ^oil 
in India, Persia, and the deserts of Arabia and AtVim, 
effiorcscittg in caves in America Tbe nitmte of .Nod 
forms afcat$ of considemWe thiokneiiK in Pm and ChiJj, 
on the weat^ slope the Atides. 
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(297.) IL Solid. The oxides of silicon, aluminium, 
and calcium, with that of carbon in the state of carbonic 
acid in the limestones, and of iron as an ingredient of 
almost universal intrusion into every other substance, 
constitute an over^ii'^helming majority of the solid ma- 
terials of the earth. After these probably may be 
placed those of potassium and sodium in the state of 
iilkalis, fonning a very notable portion of the granitic 
masses (as felspar and albite), and entering into the 
(M)iiiposition of a great many other bodies, especially 
(soda at least) into rock salt and sea water. Magnesia, 
loo, as a characteristic element of the rocks of the 
serpe ntine character, and entering very influentially into 
(loloriiile and into many limastones, is entitled to rank 
aiiiong the more prominent ingredients of the land, 
tliougli the sea is the source from which, exclusively, it 
i.N procured for human use. Carbon occurs as a primary 
;)]}(! |>rjnci])al ingi'edieiit only in the anthracite and coal 
tonnatiojis. The other chemical elements occur only oc- 
oa>io]ially and locally in any abundance, in veins, mines, 
and quarries, or disseminated in crystals and nodules in 
ro(‘k.s, or fis subordinate elementa of composition in 
some or other of the more abundant rocks, or scattered 
iiu'ougU nature by their disintegration and dispersion. 

(298,) l^e caystoUine rocks have no doubt been the 
oHgin ft'om which (ultimatdy) the stratified ofies have 
keen derived* From thek destruction, partly mechani- 
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cal, partly chemical, have been produced, by water- 
washing and graduated subsidence, siliceous and ajgil- 
laceous strata — the former essentially consisting of the 
quartz and other hard and unattackable crystalline 
ingredients, which the action of the wav^ has been able 
only coarsely to pulverize, and which have, therefore, 
been deposited near the shore; the latter, of the alumin- 
ous portion chiefly set free, in a chemically divided or 
flocculent state, by the decomposition of the other inin*e- 
dients, such as felspar, and of the infinitesimally thin 
and filmy micaceous scales set loose and floated away \n 
remoter places of quiet deposit Thus have originated 
the two great families of the secondary and tertiai\ 
rocks; the siliceous and argillaceous, however, hardoiu d 
and recompacted by subterranean heat and pressujv. 
The third, or calcareous and cretaceous family, it can 
hardly be doubted, have arisen — 1st, From the lalnturs 
of the animalcule and nioliLsc; 2dly, From the 
marine effusion of calcareous springs (Lyell) ; and 
From the degradation of calcareous mouatidn jiia.-st s, 
themselves the successors and representatives of fmijifi 
ones, but which have yet, in aU probability, undeigunr 
the solvent action of sea-water, preparatory to flu it 
re-aggregation by the agency of oiganie clieniistry. 

(299.) We may consider flie mineral products of ihr 
earth, in relation to human use, ^der the general hoad« 
of materials for our stmctui^ our tools and ntomdls 
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for objects of ornament and luxury, and for medical use, 
and demesne and manufacturing consumption. The 
first of these divisions need not detain us long. Wher- 
ever j’oeky masses ocqur capable of being quairried and 
shaped into blocks of sufficient coherence to resist the 
weather (and there are few strata which, in some part 
or other of their extent do not furnish such), building 
materials are not wanting. For vast and massive struc- 
tures intended for indefinite duration, and in which deli- 
cacy of finish is of less importance than I’esistance to 
weather or to violence, granite is admirably adapted ; 
not, however, all equally so. Such granites as contain 
l)otasli-felspar in gitiat abundance are attacked and cor- 
roded by the carbonic acid of the air, assisted by rain 
and frost The syenitic granites, or poiphyries (of 
wliich, as examples, tlie hgyptian obelisks consist), and 
tliose graniU^s in which felspar is replaced by albite 
(soda-felspar) are far less liable to such disintegration. 
Thai of tlie Aberdeen quarries, of which most of the 
groat granite structures of London consist, is of this 
d(\scvipti()n. As a material for the gi*eatest structures, 
granite presents the advantage that masses any mag- 
nitude can be procured of perfect continuity. These 
aro detuched from their beds by primitive but very 
ingenious contrivMces, which must have been known 
<md praetised |rom the earliest times. In sdme cases 
grooves are in^t^ miss, and holes cu^ at 
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brief intervals along them, into which wedges of baked 
wood are driven. These, when moistened, swell, and by 
their simultaneous expansion determine a fissure (dong 
the direction of the groove. In erecting an obelisk 
at Seringapatam, a block 70 feet long was separated 
from its bed by native workmen, by cutting a deep 
groove, along which was maintained a line of fires. 
When the rock had become sufficiently heated, watia* 
was poured along, the fires extinguished, and a cnick 
determined along the groove. 

(300.) Few but the vastest and most importtiiit 
structures are of granite. Its hardness, and tlie exp(*ns(‘ 
of working it to a smooth surface, prevent its gonorul 
use as a building material. It is chiefly among ih^ 
calcareous rocks, the marbles, the oolites, tlie nnmnm- 
lite limestones, and the harder portions of tln^ ciialk 
formation, as also among the close-grained san<lst<uif<. 
which admit of being easily <|uaiTie<i and sawfil into 
shape, that tlio andiitect finds his best resource', .M.nn. 
of the grandest monuimuits in ancient Home arti cim.i 
stnicted of the Travertine, a ctdcareous tVoui il: 

numerous carhonatcNl sources wliich of-cur in abundanr." 
along the base of the Ajxtnnim^s, at VolU?rni in Tuscans 
at Temi, and ov(.‘t great districts in the immediate 
neighbourhood of Rome, and which k mm m process 
of formatiott to the present day, by Oie coneMion 
and other sniaH aquatic 
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by water saturated with super-carbonate of lime. Mar- 
bles, adapted for architectural purposes, are of pretty 
common occurrence, but those fitted for the sculptor's 
use are exceedingly rare.* Tlie finest are those which 
have furnished, from the quarries of Pentelicus, near 
Athens, the material of the Parthenon, and those of 
Mount ^larpesus in the Isle of Paros, whence have been 
derived those masses on which the genius of the Greek 
sculi)tors has stamped the impress of immortality, and 
u liitdi in the Arundel marbles, yet preserve the recorded 
clironology of that wonderful nation. The finer grain 
and sno^\T purity of the marble from the quarries of 
(/arrara, on the Gulf of Genoa, make it even still more 
prized. An excellent marble for the more costly archi- 
tectural purposes, though less so for sculpture (being 
doti(‘ient in whiteness), is obtained in abundance from 
tlu* Pie de Gerx, in the French Pyrenees. 

The wide dissemination of the calcareous for- 
iiiiitions is of the lust importance in an architectural 
I’jiui uf view, from their furnishing the chief and most 
indi:^])Ciisalde malerial of cement, ’^here lime is want- 
(oyster and other sea*shells near the sea-coast may 
»her an excellent substitute; but its absence in the 
iui(‘rior of a continent is an evil of no small magnitude. 
Much of the Cape Colony is seriously inconvenienced 
hy it. As a ehemiod too, and as an agricultural 
upplication, it is of immense importance, though when 
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magnesia occurs as an ingredient in limestone, it acts as a 
IX)ison on vegetation ; and large tracts of country in which 
this is the case, in the interior of France, in the north of 
England, in the neighbourhood of Naples, and elsewhere, 
are doomed to hopeless sterility from this cause. 

(302.) Among the argillaceous rocks, Uie slaty ones 
claim attention, by reason of their fissile structure ami 
great resistance to weathering, which renders them 
peculiarly adapted to roofing, and to a variety of other 
purposes. It is very remarkable that the “slaty cleav- 
age* is never coincident with, but always highly inclined 
to, the planes of vStratificafiom This Jlessrs. Tyndall 
and Sorby have explained, think, to a ceitain exttan 
satisfactorily, by rc!ferring it to the effect of lateral 
pressure detenuiuing tlie parallel direction among innu- 
merable disseminated infinitesimal films of mica ; but 
they have not sliewn how such pressure originated, or 
why it is always lateral Perhaps we may be ]»ardum <! 
for interrupting the matter immediately in hand by a fbw 
words on this point It is well known to geologists that 
the slaty rocks are subject to very singular and extra- 
vagant contortions, the layers being often folded and re- 
folded on each other like cfumplcd folds of linen. Thi^ 
is generally ascribed to the effect of violent intrusion t»i' 
other rocks by the action of upheaving tees, acting ot» 
matter softened by heat, or only |miiia}]y coiiaoUdatcd. 
A Im violent idgin of the phenomenon seems iy u s 
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not improbable. The aluminous strata have probably 
been deposited in a much more minute state of sub- 
division, and of a more slimy consistency than the 
siliceouk Suppose such a deposit to take place uni- 
formly over the whole of an ocean basin, with sides 
inclining generally inwards, and having irregularities in 
them, till the inegularities are filled in, and the bottom 
reduced to a, generally speaking, basin-like concavity. 
Up to a certain point, the friction of the bed will retain 
(he deposited matter on the slope, and in this way strata 
nearly unifonu and parallel will be formed. But as the 
thickness of the whole increases, the weight will over- 
rent? the friction, and the still soft stmta will yield 
inwards on all sides towards the central portion of the 
basin, increasing the thickness there, and at the same 
time crumpling the strata into contortions where they 
slide over the irregularities, and congre^te towards local 
(jciitri's of depression, while yet the middle thickness 
inov(?asos ; and that of each stratum individually (if the 
l>rocess go on slowly and tranquilly), by a general lateral 
comprossioii and vertical dilatation of the whole central 
mass (however cnimpled) does so also : which . is all 
t hat the compression theory requires to account for the 
existence and direction of the cleavage in question. It 
scorns by no means impossible, indeed, that instead of 
requiring the motive power of the volcano and the earth- 
<juake io wrinkle and contort the strata in the manner 
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observed, such wrinkHngs and contoitions (or rather the 
slippages to which they are here attributed, when sud- 
den), may, by displacing the incidence of pressure on 
the ocean bed, be themselves causes to which some at 
least of tho^ phenomena may be oiling. 

(803.) The finest slate quarries in Britain^ and pr(>- 
bably in the world, are those of Penrhjm in North Wales. 
Between two and tliree thousand workmen are theit^ 
constantly employed in quanying and cleaving the 
slates, which are conveyed to every part of Britain and 
of the world, for roofing and writing slates and slabs. 

(304.) Among the crystalline schists of the metamor- 
phic series, it is no uncommon thing to find portions, 
especially of the mica slate, which allow laige and toler- 
ably even slabs to be detached, which in ^Upiiie coun- 
tries are used largely in buddings of the common kind 
Many basalts atfd lavas affortl excellent material, hut 
their dark colour gives the piles constructed from tlumi 
a sombre and heavy aspect. ITie cathedrals of Cl(?nn* au 
and Jji Puy afford examples of this. 

(305.) Gyp, sum (sulphate of lime) enters as an* ingn* 
dient in cements, cOkSIs, and stuccos, and is largely 
wherever moulded forms are requircxi und great hard- 
ness is not essential. In its natural hiUtul it is nn 
almost universal concomitent of rock salt and salt 
springis, though in some (as ^ in Spain) it i. 

absent and In at Beoc, it occur 
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anhydJTOUS, and therefore ujseless for^uch purposes. 
lAige beds of it, however, occur in the secondary and 
tertiary formations (seldom or never in the lower series) 
without the accompaniment of salt, as in the older 
tertiary basin of Paris (whence its ordinaiy name of 
plaster of Paris), in many parts of Switzerland, in North 
* Italy (as at the head of the Lake of Garda), and in the 
tfub-Apennine marls of the older Pleiocene, in Sicily, 
near Gix^ente, where it outcrops in crystals of very 
singular structure. 

(30().) The mineral products which contribute to the 
CHinstnictiou of our tools and utensils are almost entirely 
oitluT the metals, or those which go to the formation of 
iMrthenware and glass. Among the useful metals, iron 
liolds the first rank. Omng to its high attraction for 
oxygen it is seldom found native (though instances do 
occur, as at Steinbach, Eibestock, at Kamsdorf in 
Savony, and in Mont d'Oule, near Grenoble, in France), 
uiilc'ss in masses to which a meteoric origin is usually 
assigned, and which occur detached and insulated in 
various places. The princii>al mas*ses are — the great 
^ib(U’ifciu one described by Pallas, containing chrysolites; 
ihiit of Otiimpa, 70 leagues east of Santiago, “in the 
vast plains of the Gran Chaco, wherc^ as in the Pampas 
Ihxenos Ayres, not a stone is to he seenP which was 
hruught to Sjgland by Sr Woodbine Pariah, and now 
in the British Museum, mi which weighs 14 cwt; 
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that of Elbogei^, in Bohemia ; and that of Hraschina, 
near Agram, in Croatia (which was seen fo fall). Many 
masses are scattered over Louisiana, and others have 
been discovered in the Esquimaux country and on the 
Senegal river. The great mass of Otumpa is far from 
solitary, however, in that region, and the masses whicli 
there occur are described "as huge trunks with deep 
roots, supposed to communicate with eacli otljcu*/’ 
Though alloyed with nickel (a character common to all 
these so-called meteoric masses) tliis circnm.stance, and 
their abundance near Santiago, " induced” Sir AV. Parish, 
" as well as others in S. America, to hesitate in adopting 
the meteoric theory,” a jiesitation greatly increased by 
the existence in some sandy plains near Tocouao, ten 
leagues from San Pedro, in the province of Atiicaina. 
in Peru, of an extraordinary quantity; where, besiih^s 
detached masses, a vein of solid iron of the same kind 
is asserted by the natives to exist This suspicion of 
other than a meteoric origin of these in<i;vs(*.s is coii- 
sideralJy increased by the occun-ence of a similar fia t 
in South Africa, "Eight days' journey east of Pethan) 
rnissionaiy station, 'meteoric iron’ is found in ajipareutly 
inexliaustible quantities.” Anderssen, to whom we owe 
the account of this fact, had " seen lumps of several ewt s. 
brought thence, so pure and malleable that the natives 
convert it into balls for their guns, without any prt‘vions 
application of fire.**— %gami, 2d ed., |n 325. 
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(307.) lion, however, happily for man, mineralized 
cither by sulphur or by oxygen (in which latter state of 
combination only it is available for smelting), is diffused 
over all the world in immense abundance. In the island 
of Elba are whole mountains consisting of the specular 
oxide. The mountains of Taberg in Lapland, and 

% 

rumaclianche in Chili, consist almost entirely of mag- 
netic iron ore, and nioimtains of it occur in the Minas 
Gcraes in Brazil, where in one place it forms a moun- 
tain (Itabiiu) of the pure oxide, 5250 feet high. It is 
also plentiful in Corsica, Savoy, Bohemia, Saxony, 
liussia, and the East Indies. In Bribiin the principal 
iron mines fortunately accompany the coal fields, as 
around Birmingham, in Staffordshire, and in the great 
coal-basins near Pontj’pool, Merthyr Tydvil, and Glas- 
gow. The same coincidence happens in Belgium, and 
in the coal district near the St, Etienne, in France, 
It is chiefly the red and argillaceous iron ores which are 
so associated. These, though mostly occurring in secon- 
tiary and alluvial countries, are also, though more rarely, 
found ill the so-called primary formations. On the 
other hand, the oxydulated and brown iron ores belong 
mainly, though not exclusively, to these formations. 

(308.) Among the other metals, it may be observed 
geiKirally that manganese, like iron, is found among 
fhc oldest rocks. Tin, molybdfisna, tungsten, titanium, 

' ‘ nnm, uranium, clm)me, and bismuth, are found almost 
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exclusively in such veins m traverse the lower crystal- 
line rocks. Arsenic, cobalt, silver, nickel, and copper, 
in these and in the higher members of the same series. 
Gold, tellurium, and antimony, in the upper ciystalline 
metamorphic, and in the older sccondaiy or Silurian 
rocks. Lead, zinc, and mercury are found in greatest 
quantity in secondary formations. Platina, with its 
associated metals (the platinoid gi'oup), has, with one 
exception, not hitherto been found in the matrix i/i situ, 
but (as is also largely the case with gold) dispersed in 
alluvial gravels, sands, and clays. 

(309.) Many of the metals are found almost exclu- 
sively in veins. These arc fissures or cmcks in the 
rocks, usually of no great breadth, which are lillcd — 
whether by injection from below, by sublimation, by 
infiltration from above, or by ciy^stalline segregation 
determined by voltaic currents resulting from ilieiuical 
reactionsr—with materials of quite a different naturt^ 
from the rocks in which the fissures occur. The con- 
tents of a vein are usually highly crystallized, and 
arranged with a certain symmetrical inference to tlu* 
boundaiy surfaces, so as to form corre-spundiiig layers on 
either face of several different, spars (esjKJciany fluor), 
with the metallic depo.sit, whether siilphuret^ oxide, or 
in union with acids, occupying the middle; such at 
least is the normal aiTangemcnt of the contents of a 
mineral vein, though it is often widely departed from. 



METALLIC PEODUCTS. VEINS AND DYKES. 281 


Wherever a mineral vein ttaverses stratified rock, or 
differently characterized beds of an unstratified one, the 
strata on its two faces are very frequently, indeed almost 
generally, found not to correspond— one or other side of 
the mass having shifted in level (whether by upheaval 
^or subsidence), forming what -are called favits in the 
strata. When the fissure has been accompanied with 
and perhaps formed by the violent injection of non- 
inetallic liquid matter, the vein is called a dyke, whether 
of granite, basalt, or other igneous rock. In such a case 
the dislocation is a natural concomitant of the violence 
used in the formation of the dyke ; but it would seem 
probabit' that metalliferous veins have,*at least in many 
iii.'^tances, subsequently and quietly filled up empty 
iiitei’vaB, themselves the results of previous violent 
displacement, not accomqmnied with the injection of 
molted matter. 

(,*1U).) Veins, as well as dykes, are evidently of 

diilbiont ages, and belong to different and successive 

actions of the dislocating forces. In Cornwall, where 

tlic pi iucipal tin mines in Britain, and perhaps in the 

^vnrld, are situated, the stanniferous veins run almost 

* 

universally east and west, while those which intersect 
und npho»vo them, producing or accompanying dislo- 
' aliens and faults in them (which this fact proves to be 
posterior in date), cut them at various angles, and those 
wliieh nm north and south are rarely metalliferous. 
n2 
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The same tendency to an east and west direction in 
metalliferous veins generally has been remarked in 
other mining districts^ and has been (perhaps rather 
hastily) drawn into a general law, and referred to a 
generally westerly course of voltaic currents, connected, 
as is assumed, with the general meridional direction of 
the magnetic needle. 

Copper, Tin, Lead. 

(311.) Of the metals found in veins, these are tlu* 
most abundant and most generally useful, either purt- 
or in mixture. ^Copper occui’s in granite in tlie slate 
formations, in the sandstones of the “Trias” (a coiiiiectod 
system of tixree members — Keuper, !Muschelkalk, and 
Bun ter Sandstein — common in Germany), in certain 
porphyries, ami in serpentine. The copper mines ct 
Tunabeig in Sweden are in secondary limestone, in 
Cornwall, w'here, in the granite, a copper vein inters(M*is 
a tin one, the funner always disturbs tin* latter — a pn^uf 
of later origin. Mines uf <iopf>er are largely wiuught iii 
England, rbniminy, Sweden, and Siberia ; less so in Sj>ain, 
France, Ireland, Norway, and Hungary. Native e«)p|H i 
ia of common occurrence, and in North in tlw 

neighbourhoocl of Lake Superior, alxmt its end» is 
found in blocks of miveral buin^d fona m we%ht 
pure m to require to be cut with tlie mM chiadl. Mal e 
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chite, or the carbonate of copper, which is valued almost 
as a gem when in fine specimens, is largely procured in 
the Siberian mines of the Ural and Altai mountains, 
and in the copper mines of BurrarBurra in Australia. 

(312.) Tin has been generally considered to occur 
native in Cornwall; but, according to Phillips {Miner- 
alogy, Ixx.), the specimens which have given rise to this 
opinion have been found on the sites of old smelting 
works. Mohs (Mineralogy) does not admit it into his 
Order ix. of native metals. Its ores (always either oxide 
or sulphuret) belong exclusively to primitive countries, 
and the localities of its occurrence are comparatively few, 
viz., Cornwall, Saxony, and Bohejnia, in Europe, Tenas- 
serim, in the Malayan Peninsula, and Banca Island in 
» the Straits of Malacca. Some stream works, in which 
tlie oxide is found, exist in Mexico and Chili. At 
CJhesterlield, in North America, it has also been found. 

(313.) Lend occurs very rarely in a native state. Its 
chief ore is the sulphuret, which is very abundant in 
most European countries— comparatively rare in Asia. 

I ii England, perhaps the greatest known depository of 
this ore, it occurs in the secondary limestones of Derby, 
1 )urhain, and Nortliumbcrland, in clay slate in Cornwall 
and Devon, In Sootland, in the Lead^^llills in Lanark 
and in Dumfiw. In North America, in Massachusetts, 
it occurs in gitoite and other crystalline or metamorphic 
rocks* which is also the case in Fmce and Spain. 
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Gold, Silver, Platina. 

(814.) Gold and silver, though they derive their 
high estimation mainly from their application to 
utensils and ornaments of luxury and spendour, yet 
perform most eminently the offices of u^fid metals, 
as the materials of the most universal of all tools 

If 

— coined money. Gold, owing, no doubt, to its low 
affinities for oxygen and sulphur, is exclusively found 
pure, or in alloy or mixture ; all the alloys of a defi- 
nite character, however, are very rare. In its habitat 
it occurs disseminated in nodules or threads in many 
rocks, hut chiefly in quartz, and in the beds of rivers 
and alluvial deposits, the result of the degradation of such 
rocks. The long inhabited countries have been piekvd 
clean of their alluvial gold, but in newly-occupied une,s 
it is still abundant ; confined, howev'er, to the paheozuic 
rocks in the neighlx)ur]iood of j)orj>hyritic emptiuns, and 
to the distncts adjacent to such rocks, with an r-pri oa' 
preference for those inoimtain ckiins which run 
and south. Such are tlie Mexican and Peruvian Andt\''. 
the mountain ranges of CaHfomia and 
America (including the newly-diacoVared gold di-triet*- 
on the Fraser Birer and island^ mv 

also the tnountains on the coaat ol Anirtridia, to 
whidh the gold dietnote of M ai^d 

Adelaide^ owe timr wealth. Sndl^ Ural 
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chain, the chief source of the Eussian gold. Gold also 
is found in Brazil, where almost all the rivers bring it 
down— in mines at sfatto Grosso, and in Minas Geraes 
—in the Altai Mountains — ^in Hungary and Transyl- 
vania — ^in Japan, Borneo, and in the province of Yunan 
in China, as well as at the base of the Kong Mountain, 
and in very extensive regions in the interior of Africa, 
Avliere gold dust is obtained by washing, and where the 
closer exploration of its mountain chains will no doubt 
lead to the discovery of rich deposits. The largest mass 
of native gold yet discovered is that recently found at 
ilallarat, weighing 2217 ounces, greatly exceeding that 
of Mijisk in the South Ural (36 kilogrammes == 1158 
ouncos) found at Zarevo Alexandrofski in 1842. 

(315.) SiLVEii occurs in such immense abundance in 
-Mexico and Peru, among the CordUleras of the Andes, 
tliat it Ls hardly worth while to enumerate the localities 
of its feeblor exhibition, such as Hungary and Transyl- 
Minia, the Ural and Altai mountains, Armenia, Anatolia, 
Thibet, China, Cochin-China, and ^Japan. The most 
productive region of the Andes in silver is about Copi- 
iipo in Chili. In Peru, from Oaxaniarca along th(? vdiole 
range of the Andes to the desert of Atacama, it is very 
abundant The nM)st ancient mines are those of the 
“ Km^ of Pasco." At Potosi and at Chota the ore lies 
close to the mirfaea In the mines of Huantajaya a mass 
of pure silver weighing 800. lbs. has been fpund. Silver 
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is a very general concomitant of lead, and a large quan- 
tity is extracted from that metal. This used to be done 
by cupellation, the lead being burned off and again 
recovered ; but is now performed by the neater and far 
less wasteful and costly process of crystallization, by 
melting the lead, allowing it to cool and crystallize, and 
pouring off the last poitions from the crystals formed, 
which portions contain all the silver much concen- 
trated. 

(31G.) Platina is a rare but extremely useful metal. 
But for utensils formed of it, chemistry could not have 
attained its present state of improvement, either as a 
practical art or as a science. It i.s found in very li*w 
localities — in Brazil, at Matto CJ rosso, in Choco, Xew 
Granada, St. Domingo, and the Ural Mountains, and 
almost always in alluvium,* According to the ivjuai k 
of Humboldt, the principal deposits of gold occur on tlui 
eastern, and of platina on the western side of tlu* L'ra! 
chain. One of the most singular charticlers of Ihi.^ 
region is the frequent occurrence *of the fossil boiu s ot 
extinct pachyderms among the mctallifeixius sands. 
The largest (nuggtjt, ix, ingot) of platina hitlnab^ 

discovered is one of 25 oz. 1 dr., found iti the gold iinia s 
of Coiidoto Choco, 8. A. {PhUlvps). 

(317.) Platina is invarlcibt^ found asBociatcd wiih 

* M. BooiMigoy fonnd H m a sjreaUk roolt wiih at 

Antioquia, io AmeHeii. 
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several other metals forming a family apart (the 
platinoids), of very singular chemical habitudes— viz., 
palladium, rhodium, iridium, osmium, ruthenium [and 
we think we have some reason to believe one, if not two 
mom, to which if verified we should appropriate the 
names Astreeum and Hebeum]. Of these, palladium 
also occurs alloyed with gold and silver in Brazil. 
Iridium, or rather its osmiuret, occurs in almost all gold 
in a state of mixture, not of alloy, and is deposited by 
subsidence, by reason of its mmh higher specific gravity, 
at the bottom of the crucible whenever gold, fresh from 
tlic mines or diggings, is melted in large quantities. It 
sometimes settles in the finest dust from the melted gold. 


Zinc, Antimony, Bismuth. 

(318.) Zinc is useful as an alloy tending to harden 
other metals, a quality which, in union with copper 
(producing brass, or bronze), is of the highest importance 
in many of its applications, and in earlier ages enabled 
it. with the admixture of tin, to supply the place of iron, 
tlien unknown or unworkable. [It is also of Immense 
iinpox-tanco as a chief element in the production of 
^'oliaio electricity, for which purpose large quantities 
are consumed. Not, however, destroyed, for the metal 
< an be recovered and used again; while in the process of 
ds recovery (from the sulphate), Oxygeu^gas is diseu- 
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gaged and may be obtained separate at a cost so mode- 
rate as to promise an abundant commercial supply of 
this invaluable element* Its oxide, also, with silex, forms 
a beautiful glass.] Zinc is chiefly found in the state of 
sulphuret or carbonate, sometimes in veins of tin or 
copper, as in Cornwall, but most frequently associated 
with lead in the lead-mines of Derbyshire, in the 
Mendip Hills ; in Scotland, in those of Wanloch-head ; 
in Wales, in Flintshire. It occurs also in the mines of 
Fre^'berg, in Saxony, Bleiberg, in Carinthia, Tamowitz, 
in Silesia, and Medziana Goro, in Poland. Enormous 
masses of pure calamine are found in some of the Xorth 
American mines — in Kew Jersey, and other paits. It 
is also found in the Siberian mines. Indci^d, wherever 
lead occurs, zinc may be expected. 

(319.) Antimony, whicli, be.sides its utility in liar- 
dening alloys, is also an inipoitant iu( dicine, occ urs in 
veins traversing gneiss at Allemont in Daupliine. In 
Oorawall, in veins traversing those of copper aial tin. at 
Andreasberg, in the Ilartz — in Saxony, Bohemia, iinu- 
gary, Transylvania, Tuscany, in Mexico, and in Con- 
necti(;ut in Kor-tli Americ^a, The chief depO'vit> uf 
Bismuth (which is chiefly used as an alloy, as is aJsu 
the case with Nickel), occur in the veins of pniniti\<* 
mountains. Tlie chief localities aw> in the Oomisb 

♦ fin whkb CHHe tbo revhai of ti# a modicai airrnt i«»y 
M? antuy^aierJ, many la i 
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mines, Jolian-Geoigenstadt and Schneeberg in Saxony, 
Joacbinuthal in Bohemia, in Transylvania, Swabia, 
France, Norway, and in Coimecticut, N, A. 

(320.) Nickel exists in considerably abundance in 
China and Japan, whence it reaches us in alloy with 
copperas tutenag; also in veins of primitive rocks in 

» 

Saxony, Bohemia, the Banat, and in France; ip rocks of 
the metamorphic and transition series in the Hartz. It 
occurs also in Swabia, at Saltzburg, in Spain; in veins 
traversing sei-pentine in SUesia, and in copper-mines in 
Frederick County, and at Chatham in Connecticut, 
X, A ; in Cornwall, and in Scotland, It is an essential 
ingredient in the so-called meteoric iron, which it effec- 
tually preserves from rusv. 

(321.) Mercury occurs in few localities, the chief 
of which are the mines of Idria in Carniola, and Almaden 
in Spain, and it is prominent among the recent great 
nietalliferous discoveries in California, where mines of 
it ('xist so extensive as to have given a new impulse to 
11 le working of the Mexican silvei^mines, where its chief 
cousiunption takes place in the process of amalgamation. 
In nu^dicine its valuable properties have been* long 
rt cognised, and it has now taken its place among the 

• Wliy aliottld it not lie iatrodneed inteatioaally into the finer kinds 
of stefll or Bessemer's hoino^neons iron, in the process of its menu- 
facturo, fiir that pniyoee? 

0 
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essential materials of modern warfare, by reason of the 
detonating properties of one of its salts. 

(322.) At the he^ of metals useful in the chemical 
arts, and in these only, stands Manganese, whose ores 
are very widely disseminated both in the primary and 
secondary rocks, where it occurs in veins, beds, or 
irregular ^masses, in the state of black oxide, in which 
alone it is of any utility. It is found, too, in Cornwall, 
at Upton Pyne and Tavistock in Devonshire, at Bristol, 
near Aberdeen in Scotland, at Howth near Dublin, in 
Ilefeld in the Hartz, in Nassau, at Christian sand in 
Norway, at Flatten in Bohemia, at Johann-Georgciistadt 
in Saxony, and in several places in Hungarv% Moravia, 
Silesia, and France. 

(323.) Arsenic is of almost universal occurrenee in 
combination with the other metals, burning ar^enluivts 
and arseniates. Chrome, first discovered in Sii)eria in 
combination with lead, is now almost wlmlly obt;iiiiv^i 
from the chromate of iron, whicli occurs in eo]»ious 
abundance in Unst, one of the Shetland Isles. I'liese, 
with Cobalt* (which generally accompanies nickel;, al” 

♦ ( Tho quite difMjoirery of iLt h <^1* Uit Ciili 

Cobalt, v^hich u double tfutt qf Iron, te this if) 

first rank of niecbanical utility. Oxygtm being ibeajilr (vbiabtiibb', 
oros will ill all proliaHHty be iik 4 tlie wit tal |MXHlucfj4 in btrr« 

qoftotlties ; anrl shoaMa cobalt-f^l simtbii! retmmi 

qaatitiei to thoiw} wbicb ordliiiiiy irttist hmtif iw irea, tfem tio 

Untit to the tmiiruvement «f aor ttialft, in wbi^ b 

»d[ frj^angib Imve k> W onmbined.} 
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most exhaust the list of metals useful in the manufac- 
ture of utensils, and in the chemical and medicinal arts. 

Objects of Conventional Value.— Gems. 

(324‘.) At the head of gems stands the Diamond, which, 
from its hardness, may also be reckoned among the useful 
materials as a tooL As is well known to chemists, it 
consists of pure carbon. It is found all but exclusively 
in alluvial detritus, and has never but in two or three 
instances been found forming an integrant part of any 
rock. As such, it was once observed to occur in scoro- 
tlite, in a cavity of brown ironstone at Antonio Pereira, 
in IJrazil, aceompuiiied by micaceous iron, between Villa 
Kica and iSabara. Humboldt, or one of his companions 
in travel, detected it in the Ural, in situ, M. Harting 
(IVrA. der K. Akad der Weiensek, Amstei’dam. Deel vi. 
185 i) describes a diamond from Bahia, including in its 
suhst^uice definitely-fonncd crystalline filaments of iron 
pyrites — a fact uui(pie in its kind, and, taken in conjiinc- 
tion with tlic aifinities of iron and carbon at high tem- 
pcvatur(‘K, likely to throw some light on the very obscure 
i>ul)j(‘ct of the ultimate origin of this gem. 

(325.) Diamonds are found only in few localities. 
Tlie principal are between Golconda and Masulipatam, 
in the peninsula of India, in Visapore, near Panna in 
Bundelcund, in the vicinity of EUore, at^^Mallivully in 
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the Mustapha-nagar Circar (in a peculiar fat white clay 
associated with ironstone), in the peninsula of Jkfalacca, 
in Borneo, where the largest diamond known (3C7 carats 
= 1130 grains) was found, in Brazil, in the district of 
Cerro do Frio, in the country north of Eio Janeii o : also 
on each side of the Sierra Espenha^o, and on the afllu- 
ents of the San Francisco river. The chief work is at 
Mandanga, on the river Jigitonhonha, where diamonds 
are found in an alluvium of pebbles called cascallmo ; 
at Goraz, Matto Grosso, and St. Paul’s. Diamonds are 
also found in the Ural, and especially in the rich mining 
district near Beresovsk. 

(320.) Tlie S.\PPHIRE, Oriental Buby, and Splnelle, 
are chiefly found in Ceylon, in the beds of streams ; the 
finest in the Capellan Mountains near Sirian in Pi gn. 
Sapphires also occur near BUlm and Mei-owitz in Bohi.*- 
raia, in the sand of rivulets near Expailly in France, at 
Brendola in the Vicentine, and at St. Gnthard, but nut 
in such quantity or of such value as to make their ^^ur<;h 
remunerative. The spindle is not uncommon in lira/J l 
where also, in the Mnas Geraes and at Villa Kira, tie* 
Topaz abound.s. Tlie finest EMEftAins are found in New 
Granada, in veins traversing a formation referable to thu 
epoch of the greensand at Hiey wcnr > 

in Upper ]^ypt, and in tha Tunt:^ in iknUi 

¥i, In granite. The BiRB- jta purity 

and abttnda^ in compaet 
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clay, in Persia in a vein traversing granite, and in a 
similar gismetU near limoges in France. It is also 
found in Peru, Brazil, Saxony, and Elba, at Cairn Gorm 
in Aberdeenshire, and in Wicklow, Ireland. To enume- 
rate the ImbitaU of the inferior gems would be almost 
equivalent to pving a catalogue of mineral districts. 
The Gaestet, however, may be mentioned as especially 
belonging to, and found imbedded in, the mica slate and 
gneiss formations. CORUNDUM, which, though not a 
gem, possesses the hardness, and consists of the same 
materials as one (the sapphire), and is on that account 
ot great utility (in its form of emery) is found most 
a])undantly in India, at Singiuula near Sahapur, in Ava, 
()n the Malabar coast, in Smyrna and the isle of Naxos, 
in Italy and Spain, in Saxony in beds of steatite in a 
sehistose rock, and in Gellivara in Lapland. The 
ZiKf'ON is most abundant in Ceylon, in the districts of 
Main I a and Suffragam, and is found also at Kalinovskoi 
ia‘ar Ueresovsk and elsewhere in the Ural, and in the 
/ireoii-syonite rocks on the Aggers E^v in Norway. The 
Cinn amon Stone is peculiar to Ceylon. 

Salt, Coal, Sulphur. 

(327.) Bock Salt is commonly disposed in thick 
bods, either supeWciafiy as in Africa, or at very great 
depths, as in the Polish mines at Wielicdb; sometime 



gfbiii alxrre fhe sea» as ia the OoidiBersi and 
in Savoy. The greatest deposit in England is near 
Nortbwich in Cheshire. In Spain, at Cardona, it forms 
a ragged precipice four or five hundred feet high, oi' 
such purity as to require only pounding to be fit for use. 
At Lahore in India a similar mass occurs. In Affglian- 
istan a road is cut out of solid salt at the foot of cliffs of 
that mineral 100 feet high. Tlie island of Omiu/. at 
the entrance of the Persian Gulf, is a rock of Siilt It n 
almost always found associated with gypsum. 

(327, a .) Boilvx, a salt of great utility in the chcmital 
arts, is one of rare and sparing distribution. The groatt r 
part in luse is the pro<luct of a lake in Tliibet, m Ik n\ 
under the name of tincal,it is dug out in iinpuie 
from the edges and shallows of the lake, being 
ciated with common salt iu the water. It occui^ td^o 
iu the province of Potosi in Pc‘ni. The Boraeic <v A i 
found ill hot springs near Sa^so in Tu-scany, and in V. I 
cano, one of the Lipari islands, in great puaty. Sviov 
in the state* of carbonate, occurs in abundance in tie 
natron lakes of Egypt, and in four Hungarian 1 iki 
and as an efflorescence on the surface of the euith in 
various arid and desert countries. 'Nimt is found tu- 
crusting chalk, limestone, or calcareous tufa. aKo lo 
limine caverns in hTorth America, and in iuuiK um 
abundance as an elfiorescence on the surface of the soil 
in several dfetricts of India, as well aa iu 8j>aiu, Italy, 


aad or ^ cubic rntfe,** as 

it is aomcijiuei ii|i|it»pcdy^ c^ forms a horizontal 
stratum many feet iu thickness, and forty leagues in 
extent, in the district of Tarapaca in Peru, near the 
frontiers of Chill 

(328.) PoBCELATN ClAY rcfiults ftoin the decom- 
position of the felspar in granitic formations. Under 
tlie name of kaolin, it is quarried in China. It occurs 
also in great purity at Aue in Saxony, and at Meissen, 
in Austria near Passau, at Limoges find near Bayonne 

in France. The porcelain nianufactories of Worcester 

» 

are suiqdicd from St. Austel in Cornwall, at the foot of 
tlk* gmnite range. In the granite districts of Ireland it 
also occurs abundantly. 

(320.) Coal. — Happily for mankind this most useful 
iiiiiieral is very abundantly distributed over the world, 
though limited in its occurrence to tliose regions where 
thi‘ limestones of the (thence called) carboniferous series 
aiul their associated beds crop out to the surface, or 
nmh.r-lie other superficial beds at accessible depths, 
h'oal is genemlly deposited in “coal basins," or great 
concave depressions of the strata, partly owing, no*doubt, 
to the general curve of the ocean beds in which the 
h< ‘})Dsit was formed, but much more to their being broken 
up and dislocated by lateral upheavals, so that the parts 
no longer correspond— a circumstance extremely favour- 
able to their working, since the great ind^ation whkh 
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Hie beds assume woulj otherwise cany them down 
beyond the reach of the miner, were it not that their 
broken edges are thus brought up again and made to 
out-crop on the surface, 

(330.) The “coal measures,'' or strata m which the 
beds of coal occur^ usually alternating W'ith clay and 
sandstone, are almost absolutely restricted to that group 
of the great geological series which used to be teimed 
the transition series — that is to say, to the formations 
between the metamorphic rocks and the secondary lime- 
stones, etc., and more particularly to the upper Pala^^zoie 
formations between the Devonian and Permian gi’onp'?, 
and in these, to the intenul betw’een the old I'ed sand- 
stone, the mountain or coral limestone and milLstraic 
grit below, and the new red sandstone and magnesian 
limestone above. From this circumstance (their coral 
substratum), from the nature of the fossils they inclose, 
and from the fonii and distribution of tlni cuibonifcnais 
districts, it is infen’ed that their depositions tc^ok plate 
in comparatively shallow seas, receiving the vegetubic 
spoils of densely-clothed islands abounding in plants 
a tropical character, and in particular, with arbon HCcnl 
ferns, flags, reeds, and large trunks of .succulent plants. 
Fe'vir animal remains, and scai’cely a single shell or (tcual, 
are found in the coal measures, wrhile tihiJ vegetabh* 
forms, sometimes most beautifully presenred (though 
more ordinaryy completely which thtty 
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contain, prove their whole mass to consist of 

vegetable matter consolidated bj heat (after undergoing 
a specific peatifying action ly long submersion in water) 
under a pressure sufiicient to retain the more volatile 
portions of their structure in combination with the 
carbon, forming bitumen and all the varieties of hydro- 
carbon, which, as is well known, the distillation of coal 
yields in abundance. Where the heat has been very 
violent, the coal is converted into anthracite, or ^ blind 
coal,” “culm” or “Welsh coal,*^ which is almost pui'e 
carbon; and in some instances, in the neighbourhood of 
trap-ilykes, into true coke, evidently from the ejBect of 
lieat under insufficient pressure* 

(331.) The coal measures would seem to mark an 
I'pocli of great interest in the geological history of the 
world, from the circumstance that whereas their strata 
boar every maj’k of great disturbance and violent dislo- 
out ion, those incumbent on them are for the most part 
horizontal or comparatively little inclined. Such, at 
ii ast, is tliu aise in the great coal series of England and 
iho Ketherlands, and such is the impression strongly left 
by the moderate inclination and slight disturbance of 
the sandstones immediately incumbent on the great 
coal-fields of ISTorth America. 

(332.) Coal occurs iu immense abundattfe in all 
those parte of fengland, Scotland, and Wales where the 
atrata abovB speci&di; crop out> especially— (1.) In 
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Northumberland and Durham, in a district the central 
point of which is somewhere about Jairow at the mouth 
of the Tjnej in which it has been calculated that between 
five and six thousand millions of tons of workable coal 
exist (Phillips citing Thomson); (2») In South York- 
shire, Nottingham, and Lancashire; (3.) In Staffordshire 
and Warwick, in a r^on having Ashby de la Zouche 
for its centre ; (4.) In what may be called the western 
and south-western coal districts, comprising Anglcsi?}*, 
Flintshire, Shropshire, South Gloucester, Somerset, Mon- 
mouth, and Glamorgan; (5.) The Scotch coal-field occu- 
pying the great central lowland of Scotland; (C.) The 
Irish counties of Leinster, Tipperary, Munster, Counaught, 
and Tyrone. The larger portion of the whole area of 
Ireland, indeed, is occupied by the carlwnifoious for- 
mations. 

(333.) On the continent of Europe coal occurs in 
Belgium in the district alxmt Li^ge ; in France in 
neighbourhood of Vienne on the Rhone. Hie south nf 
Europe is, generally speaking, destitute of coal It iius 
hitherto been found but very .sparingly in Eusi^ia. U 
has, liow^ever, been lately discovered, though of infeiior 
quality, at a deptli of 3C0 feet, near Moscow. % far t he 
greatest system of coal deposits known, howevnr, is thal 
of the Fnited Stat^ of America, li is oonaideml t hat 
PeumylYaaia consists, m aboirt ime-thiixl of 
its $m, of coal-fields to the Ai^achiim 
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system e, wbicli extend altogether over 

upwards of 60,000 square miles. One of the seams in 
this formation, near Pittsburg, is worked through a large 
extent of its outcrop as an open quarry. The Illinois 
coal-field, which covers an area as large as England, in 
Illinois, Indiana, and Kentucky, consists of horizontal 
strata, and has numerous seams of excellent coaL Michi- 
gan, New Brunswicli; Nova Scotia, and Vancouver’s 
Island, all yield coal in abundance. It occurs at the 
lu‘i^ht of 14,750 feet in the Peruvian Andes. [A great 
coal-field has been also ascertained to exist at St. Catha- 
rine’s in Brazil, extending 140 leagues along the coast 
from Logima in that province, almost to Monte Video, 
and CO leagues inland from the Atlantic to St, Gabriel, 
ami perhaps fiirtlier, Soc, of Arts, ix. 110.)] 

(334.) Coal is also found in a vast number of other 
localities both in Asia and Australia, in Asia Minor (on 
tlie coast of the Black Sea, near Trebizond), in Borneo, 
Fnnuosa, Tasmania, and New Zealand. In India, coal 
occurs on the Damoda river ; also in Silhet and Cashar. 

(335.) SuLPMCK often accompanies salt and gypsum, 
it is produced in abrmdance, accompanying Ihe latter 
mineral and sulphate of strontia (all three superbly 
orystidlhmd) in tbe mines of Gatolica in Sicily. The 
greater part of the sulphur of coxavmco is procured 
from “ Stdfetans" or volcanic half-extinguidied vents 
where for “ Fumorbles'’ jksuree H-ihe soil,, l^e 
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8ttl|^uz ie sublimed T!\i^ 8df(dm(ii cmphaMcaUy so 
called, near Naples^ supplies an immense quantity. 
There exist also great masses of sulphur, constituting 
almost mountains, such as the Sulphur Island of the 
Luchu Archipelago. Great quantities occur among the 
volcanoes of Iceland, of Java, and of the Andes. It is 
one of the most universal of volcanic products. 


DiSTRtBunoN OF 

(336.) Climate and soil are the elements wliich 
determine the abstract ]>ossibility of existence of all 
terrestrial and fresb-water vegetable productions. Their 
actual distribution over the globe involves, ho\^ev< r, 
anotbcT element, which greatly limits the area cait 
which particular classes and families of plants arc foiiiiil 
to prevail. Thus, while some not only will grow' and 
flourish, but are naturally found indigenous, almost 
indiscriminately, wdierever the soil and dimak are .suit- 
able, there are others which arc found native ‘tidy in 
very limited districts, or even restricted to partiruhtr 
spots, removed from which they perish, or rctusc to |jivk 
duce setid. Thus, the Disa gnimliilom is iound 
sively on the sumnnt of tlie Table Mountain at the Ctijtc 
of Good Hope, and no one has succeeded in getting it 
to gppM elsewhera llie CoocmIotM^ QMmm 
ihelha^} ia found only in the IslaiKls, and 
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thongb it caftHbe grown in Mauritius, can nmr be 
brought to ^oduae fruit riieie. The Hymenophyllum 
Tunbru^UBse to found haidly anywhere but on the sand 
rocks of Tnnbti^ WdJa These, however, and such as 
these, are raw and exceptional cases, as are also those of 
plants usually ^ very low oiganization, which grow only 
under spedal, and even artificial conditions, as in the 
decaying hoof of a horse, or on the outside of «>in«-caska 
They are, however, only the extreme exaggeration of a 
])rinciple wliich may be considered as of universal appli- 
( ation — that of the repartition of families, genera, and 
species, in districts or regions more or less extensive, in 
wliich only they are indigenously found in full develop- 
meat, though perfectly capable of flourishing and propa- 
gating elsewhere when artificially introduced. Indeed, 
it is found in many instances, that plants so introduced 
into a new soil and climate, not only rapidly adapt 
IhcinselveSvto but flourish with singular exuberance 
of growth, as if their old and original habitat had become 
In ^^oiuc degree exhausted of their peculiar jjoJWww, and 
they were there in process of dying out. This has been 
singularly exemplified of late in the instance of the 
Amicliaris alsinastrum, an American river weed, not 
remarkable for any great exuberance of growth in its 
ufit ive streami^ but wMch, having been accidentally 
introduced into English rivers, has spread into 
and k hfKJoming a by filling ^ 



S02 PHYSICAL GEOGRAPIiy, 

theip beds in a way before unheard o£ The thistles of 
ilie Bunpas^ oi||gigantio gioifith and imwnse extant of 



and of the air change not only with ^ laitad^ but 
with the height above the sea, the same limits of tem- 
perature which restrict the kM/a/ of a plant to a defi- 
nite zone of latitude, or to the interval between two 
isothennal lines, will also be marked oat on mountains 
or highlands of sufficient altitude, whose lower parts an^ 
situated in an isotherm admitting of its growtlj, by zont s 
of elevation. In such cases, the plant will found 
{iouribhiog at the base and up the slope, and gradualh 
becoming more and more stunted, till it disapjH.U' 
altogether. Thus, on a lofty et|uatorial mountain, \ 
form of veg»*tation, from that of the equatorial to ila 
j)olar regions, mhy exist, if the soil and water suj)p]\ U 
fitting; each form occupying its appropriate zone ot 
iliosc* which prevail on the Andes, and o\«‘r the 
and lower elevations of hzpiatorkl Amerini, HuudHildi 
has given a condensed view in a cJmrt, from whn Inu: 
Plate 111 is copied, and which cxhilnts well the pnneiplc 
in question; and a reference to which will spaie us 
much verbal explanation. The powerful influt not 
which the element of moisture, as well as heat, hn^ m 
determining the extent and limit of th(^ mountain 
zon^ is 8tarfli3flgly extmipatea on the Peak of Ttuu>rific. 
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where, at lower altitudes, the cloud-level determines a 
mdst atmo^lwn^ aad wher^ at hi^er levds, tibie 
ttctKial gat^aaUy altaiBed; here we 

find, i^urt «f Mr. KSnortb, tiiat 

on deswndftg itoa Alta Tista, wheoe (at an altitude of 
10,700 &et) mfy lichens are fonn4 ve com^ at the 
upper limit of 9800 feet» first on the Betama (Cytisus 
iiubigenns), which occupies the whole zone, down to 
.1 700 feet, to the exclusion of every other plant; then 
(juite suddenly occurs the Erica arboracea, to the exclu- 
*-ion of the Betama, and of all other plants, except the 
Ailcnocarpus Frankenoides, whicli latter extends from 
.'>900 feet to 4200 f(*et, not however, mixing in the upper 
])o’tiiiu of this, its zone, with the Itetama, but occupying 
< iiitltT'!, while the latter holds the rocky ground. Ihe 
Eir.i d(i.H’cml3 to 1800 feet of altitude, but in the lower 
jioifion of its zone it encounters fcnis from 5400 to 2300 
if! f, the Androscenum Webbianum (4900 to 1400), the 
luiul (5000 to 3500), and the vine (3700 to 2300). 
lliKe thousand feet is the lower limit of the perennial 
iiiumitain cloud, which separates the under from the 
upper (‘urrent of wind. 

(338.) The decrease of temperature with increase of 
ultitudo, proceeding at an average rate of 1° Fahr. for 
<ibout 350 feet of altitude^ it will be easy to compute at 
what height above the sea, on a mountain slpp^ situate 
on a given iaotbarm, a ^aot, Uie mean teuipeiature of 
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whose most appropriate hcAUat is knoini, may be 
expected to be^ound, if at all. It is not however, the 
mean temperature of the whole year, so much as the 
law of its distribution over the several months, and 
especially the temperature attained in the summer 
months, w’hich principally determines the most vigorous 
growth of a plant, and the limits of its rcprodndive 
existence. The latter limit will, of course, be defined 
by the 'impossibility of its flowering and ripening its 
seed. Wlien a plant cannot flower, it must, of course, 
die out, even if artificially introduced. Jfow, it has 
been laid down by botanists, that a plant flowem when 
the sum of the mean diurnal temperatures (or rather, as 
maintained by M. Quetelet, on apparently better gix)in]<!s, 
that of the squares of those mean temperatures), frcuu 
the epoch of the first movement of the sap in the spring, 
attains a definite amount, diftering for each species of 
plant, but invariable for the smuc, under all cireiuii- 
stances. Wlierever, then, ou the gloln.*, the climatt' is; 
sucli, whether from the lateness of tlm spring, or tlin 
coldness of summer, that the appropriate sum is n**! 
attained up to the cessation of the annual qtIo of { he 
plant’s activity, it cannot flower, much less fnicliiy.^ 
This appropriate sum has hitherUr been .dcatoHncd fi>i 

* [Tins admitiof excei^lon iu caM>s wberc tin l^mr badi» nrr Torn;* ) 
i> the eomw af «Mte etii^r end expaaded iu the li:.\ i(.,r 

outi^ the iateiyettiaf viator, oader thetc eontHtioef, tu ihr 
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veiy few plAXite. For the common lilac, it is 4264* 
square centigrado degrees (QueteleV ProJaJ. p. 164, 
TransL) As the effect of each da/s warmth progresses 
in a higher ratio than that of simple proportionality, it 
is easily seen that a short and hot summer may (as ex- 
perience shews it does) far outweigh, in its influence on 
ivproductive \ntality, the rigour of a prolonged and severe 
w inter. 

« 

(339.) The general influence of climate in accelerating 
or retarding the fractification of plants and the ripening 
their seeds, will be best exemplified by the periods at 
which the wheat harvest commences on an average of 
years, in different latitudes, which we find stated by Dr. 
iUlfour as follows ; — 


1 LcKtilllUtiS 

• 

Mean Period of 
Soving. 

Mean Time of 
Harvest. 

OiffeivDce in 
Days. 

1 :^IaItA . 

Dec. 1. 

May 13. 

162 

i naierroo. 

Dec. 1. 

May 20. 

170 

• Naples . 

Nov. 1. 

June 2. 

195 

j Home . 

Nov. 1. 

July 2. 

242 

! Th'rlin , 

M. 

... 

299 

1 Alps (3000 ft.) . 

Sept. 12. 

Aug. 7. 

329 


Owing, however, to the comparatively higher summer 
ht*at in Sweden, and the more rapid vegetation than in 
I^ngland, the wheat harvest at Upsala is not later than^ 
tliat in the south of England ; and barley ripens ten 

' xiraordinSty ittBOWir IB50, ia my own gwrdon at Hawkhuret, the 
Pavlonia mi only flowered^ bat riponod its seed, which ge^ 

minatod and pYodoc^ ah ahondant crop of tigwsmt 
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days earlier. According to M. Beirghaus {Aim. de GothUy 
1840) the time of flomring of plants in general is re- 
tarded by 34 days, by an increase of 10'’ in latitude in 
the north of Europe, by 40 days in the more temperate 
countries, and by 74 days (for a similar increase of 
latitude) in south Europe and Asia Slinor. M. Quetelet 
{PrdbaK 172) assigns 5 days for the general retardation 
of flowering due to 100 yards of elevation above the sea. 

(340.) The local distribution ‘of genera and species 
of plants over the globe tends very strongly to sugg(*st 
the idea, now become prevalent among lK>tanists, of 
specific centres in which they have had their origin, aiul 
from which they have spread, by divergence in all direc- 
tions, till intercepted in their progress of piopagation 
by some insuperable barriers, whdher of climate, seal, 
or sea. The greater or less areas over which they have 
so spread, have, of course, been deternuned by tlu‘ 
natural facilities for the dissemination of their seeds by 
winds, by birds, or by water transf^ort ; wliile mountain 
ranges have in some cases supplied, as it were, st 0 ]>ping- 
stones for traversing regions the plains of which 
adapted to their growth. Tills taking place at mu earHer 
geological epoch, when much is ilow Was land, 
and when a contiimity now 

widely divided, afforite a of 

many otherwise umccoimteMe ph^ Urns, for 
drample^ we Sad flie flora of ledand to be nearly iden- 
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tical with that of the Scandinavian mountains. Europe 
and North America have many plants in common. The 
flora of the mountain districts of west and south-west 
Ireland, as Prof. E Forbes has shewn, is similar to that 
of the north and west of Spam; that of the loftiest 
British mountains refers itself to the same origin witli 
that of the Scandinavian Alps, Thus, too, the chain of 
the Andes h\s afforded a line of communication of 
identical species from the equator to the very extremity 
of Terra del Fuego. The only question at issue is, as to 
the singleness or multiplicity of these specific centres 
in the case of one and the same species. Professor 
v^chouw contends for the latter view of the subject, 
gixiimding his reasoning on the fact of identical plants 
ajipeaiing in regions so very far remote and separated 
hy such natural obstacles, as to render the idea <>f 
migration untenable, as when, for instance, we find 
European plants, such as Pliragmites communis, Alisina 
i^lantago, and others, in America, New Zealand, and 
Van Dieman's Land, and not in intermediate countries. 

W. Hooker has enumerated more tlian thirty antarctic 

t 

siiecies, as identical with European ones. 

(8il.) Pte total nuffiber of plants known to exist 
iias been estaniated %]>r. Balfout at 120,000, and those 
itctualljr at 90,000, vie^ of acotyledonous plants 

1 5,00(h HOOO, and dicotyledonous 

76,000/ in tbeit.rdjative propoe- 
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tions to each other niridely in diBerent quarters of the 
globa The lower forms of vegetation, the acotyledons, 
bear a laiger proportion to the others in pol^ and alpine 
♦ regions. In equatorial regions, the monocotyledons are 
to the dicotyledons as 1 to 5 or 6 , in temperate as 1 to 
4, and in cold climates, as 1 to 3. In the extreme climates 
of the arctic islands, however, the proportion diminishes, 
while on the other hand, in the antarctic islands, they 
are comparatively much more numerous ; the ratio in 
Kerguelen’s island, being as 1 to 2, and in Lord Auck- 
land’s group, according to Hooker, 1 to 2*2. In central 
and southern Europe the proportion is 1 to 4 on the 
plains, decreasing with increase of altitude up to 8500 
feet, where it is 1 to 7. Among the monocotyledons 
gramineous forms especially flourish in temi)erate and 
cool climates. ' 

(342.) Ferns tear the least proportion to jjhn'no- 
garaous plants in the middle tem][)emie zone, where they 
form about l-70th of the whole flora, the ratio increas- 
ing l>oth tow’ards the ec|uator and the poles. In tlie 
low plains of the great continents within the trojdcs 
they amount to l-20th, while in their mnmtalnous 
districts the ratio is as h^h as 1 to 7. Tim f roportion 
of l(3ma attains its maximiun iar situate 

in gnei^ oeem Thus ia pifontaon to 

phfl^am£^-,pkn^^'i^ ; to- '4, ■ W' & St 

Halaitit m l ip & 
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( 343 .) Among the pheenogamous plants, the orders 
f graminese, cyperacea3, and juncacem, increase in pro- 
ortion to the rest as the latitude increases. The reverse 
1 the case with the rubiaceie, leguminosm, euphorbiacea?, 
lid iiialvaceas while the natural orders of crueifene, 
liibellifene, and compositea?, are comparatively more 
huiulant in the temperate latitudes, the proportion of 
10 latter rising as high as 1 to 6 in the temperate 
gions of America, 

(344.) The follo\ring classification of plants, accoixiing 
^ their climatic distribution, specifying those families 
liioli are more especially characteristic in each zone, 
:is boon given by Von Humboldt, in illustration of the 
itlerent aspects of vegetation presented in ascending a 
d'iy fy|iiatorial mountain, in which the several zones are 
a\ I'lsod ill rapid succession. Here we find that the — 


Rogioxi of Corresponds to the 

Palmrt ana Bananas .... Equatorial Zone. 

True Furn« an<J Figs .... Tropical Zone. 

Myrtles and Laurels .... Sublmpical Zone. 

Kvergreen Trees Warm Temperate Zone. 

I>i;ciduou8 Trees ..... Cold Temperate Zone. 

Pines Subarctic Zone. 

Rhoilodendrcme . . . . ^ . Arotib Zone. 

Alpine Ftota ...... Polar Zone. 

zones here ^ queaiaH «re limitesd by parallels 
i’ latitude tt(3ir bi'llie koi^tmal lines, but rather 

'y those or those which 


tavc au equal': mrau suntihiS:^ tenqperattire^ 'so a» to 



310 


PHYSICAL GfiOGBAPHY. 


sent on the globe undulated outlines comprising between 
them plants which have a certain general resemblance. 
These therefore have been denominated Homozoic zones 
by Professor E Forbes. Their limits, however, are 
necessarily iU defined, as they overlap or run into each 
other by a community of more or fewer genera and spe- 
cies, and in greater or less abundance of individuals of 

each such conterminous species. 

* 

(343.) The equatorial zone, according to Dr. Balfour, 
besides the palms and bananas, which may be regarded 
as its most abundant characteristics (including the cocoa- 
nut and plantain), comprehends also arborescent grass('s. 
orchidaceous plants and lianas, the cofiee-trecs, ilu* 
ginger and its congeners, together with the ciiuianion, 
the nutmeg, and other rich spices. The baobab (Adaii- 
sonia digitita) of Senegal, the most massive, and sup- 
posed to be among the longest-lived of tr^Ks, is u \ 
of this zone, as are also many otliers of gigimtic ^nowrli, 
and of great c<^mmercial importance^ as the luahogun v , 
tree of Honduras ^and Cul>a, the locust-tree ot lia* 

Indies, the logwood, the inora of Guiana, and the < U.u} 
and among edible products, the pineapj*le, 
and the finest of all fruits, the Uaiviu ^ 

Ha!^tana)j^ a native of Malacca. 

(846.) In the tropical zonc% hmim tlie 
and fieuB family, to which the ^ Miin , 
which are iflr predominfimt wo find tlu 
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piperaceae (pepper and its congeners), melastomaceae, 
and convolvulace®, among which the 0. Batatas or 
sweet potato, is among the most useful The yam also 
(dioscorea) belongs principally to this zone, as does also 
the teak, one of the most valuable of timber trees. 

(347.) In the subtropical zones few palms occur; 
wo find in it, however, the date palm of Egypt and 
North Africa, and the Chamterops Palmetto, which 
(‘xtends even into Sicily. These, however, are the zones 
jiar c.mUcnce of the euphorbias and cactuses, the magno- 
lias, proteas, heaths (erica), and their Australian repre- 
^(Mitative, the epacridacese. The zamia and cycas also 
(iccnr. This zone is remarkable for the enornwas 
<>rowth of several of its timber trees. In CalifoAia 
(imhuled in it) has been discovered the Wellingtfnia 
.uH'jajitoa, the loftiest and grandest of tre^, safid to attain 

• .\v 

ilio ill incest fabulous height of 400 or even 500 feet, witii 
■i diameter of forty or fifty feet near the ground. The 
.t 'iililbruian pine (Abies Douglaarii) is also of enormous 
-tiituiv, s<.nnet.imes attaining 245 feeHn height^ with a 
« iiiaunfercnce of 57 feet three feet from the ground 
Til • Araucaria imbricata of Chili also attains tlie mag- 
idiieent altitude of 260 feet, the Norfolk Island pine 
iMutassa exedsa) 224, the Snuglok (a species of tropcal 
oak in the Valley of Teesta, in Sikim) 200, etc. 

(348,) Bei^ the eveigteen oaks in the south oi 
F.urope, we also fiiid in the wamer tempsiafe atones, in 



IfeiibotiQti, tbe escolait 6g, the onmg^ ^‘^egisnatei 
ead the vim^ with nomeioae spedes of ciste^ Tacomiiun, 
smilaa; and mdalenca. 

^9.) In the colder temperate aone we find the 
v^tation so familiar to us in England and in north 
Europe — the oak, the ash, the beech, the chestnut, and 
t}ie walnut ; great forests of coniferas tlie 
spmces and the sugar maple of the American forests. 

In the s<)utheni hemisphere the blue giun-tree attains a 
gigantic size in Van Diemens Land Elwes (7Ui/* 
mind the World, p. 2C8) records a specimen in L>rv 
Bay 27 feet in girth at five feet above the gTX)iiu<], a 
quifte straight tree, which would square 2 feet G inches 
at SOO feet, and containing five thousand cubic feet (4* 
timl^jier I 

I (350.) The subarctic zone is that of coniferic, willows, 
)6irch, and poplar. In the valley of the lUack Iikut, in 
ISiberia, Atkinson found a ravine filled with ice, aiid 
‘ large poplars growing in it-, with tlieir trunks inibeddcrl . 
25 feet in snow and ice, while the brancIu'S \vtn*c in 
full leaf. Around each stem was a hollow of 9 iru In s, 
thawed and full of water. 

(351.) In the arctic zone the willow, the bircli, and 
the alder are dwarfed. Kie Piniis sylvcstris and Al)if s 
excelsa in north Europe ; rhododendrona, azaleas, and 
andromedas in Noxiii Amerioa, with grasses and 
numerous liohens and also occur. 



(S6S.) ItaaUy, ia tlie pbltir zone neither trees nor 
boshes, nor any coUiTsble escolent plants can exist. 
Tet MdviUe Island produces 67 species of flowering 
plants, and Spitsbergen 45. Eane found 22 species at 
Sylvia Headland in 78° 41' N. lat Saxifrage, diyas, 
papaver, ranunculus, juncus, potentilla, salix, and some 
other genera, are enumerated as among the plants of 
these regions. In the southern hemisphere the vegeta- 
tion of the sob-antarctic zone is confined to a few cryp- 
togainous plants, and that of the antarctic and polar 
zones may be considered as nil. 

(353.) Botanists, however, have considered the dis- 
tribution of plants under another and more special point 
of view, taking account, not so much of the general 
contents of the zones of climate, as of those regions or 
diAtriets over which particular families of plants prevail 
in their fullest state of development, or to which they 
are exclusively confined. Of these distributions, per\ 
liaps, the most generally received is that of Schouw, who 
divides the surface of the globe into regions, on the 
principle that, to constitute a botanical “region,” at least 
oue-half of tlie swedes, and one-fourth of the gm/ra, of 
some one or more natural &milie8 of plants, should be 
peculiar to it, and that iadividoal urdm should either 
be peculiar to, or reach tbeir maximuija in it 'Where 
this condittou is either inipeifeet!^ fulfflled, or the flora 
of a district^ though evicte&tiy.peculiar, is niot sufficiently 
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ksoM III JiffiBtd ft pb7tdQgkd^^^4^^ to i% ihe^ 
^ tegkm^ must be acoepted ae a provisioiiai one. 

(864.) The first botanical i^on thus mariced out is 
nearfy co-extensiYe with the polar and arctic zones of 
tbe former subdivision, including all the land within 
the polar circle and the northern parts of the two givat 
continents, from the ice down to the zone of trees ; and 
the upper parts of the European mountains and those (»f 
North Asia, down to the arborescent belt. Saxifrages 
and mosm are the especial characteristics of this region, 
gentianaceae, caij'-ophyllaceae, cyperaceae, and salicaceie. 
also abound. In the northern portion of this region 
carices predominate. On the more sonthem alpine 
heights primroses and campanulas appear. On the 
warmer borders of this region forests of fir and birch, 
to the exclusion of otlier trees, begin to present lliein- 
selves. 

(855.) Tlie region which extends in northern Euroj.** 
and Asia from the warmer limit of the former dow n ti> 
the Pyrenees, Alps, the Balkan, and Caucasus, and tlit- 
Altai range of mountains, is especially charaeterizeil I ‘v 
the predominance of umhdlif&rcm and crudferaus jdants. 
In this region also, (which is nearly conterminous, in 
the quarters of the globe to which it lielongs, with tie* ^ 
zone of deciduous trees) coniferous and ameutiiceous 
trees abound; and of shrubs and other plants, the fami' 
lies losacesB, ^ranunculi, carices, and fungi, am laigely 
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developed. In its nortli Earopean porticm^ 
plants abonsid (the dandelions and their congeners), 
while in southern Asiatic Bossia and the countries bor- 
dering on the Caucasus, Cynarocephalae (the thistle and 
artichoke tribe) and astragali, as well as many saline 
plants, appear as prominent features. The cultivated 
plants are those of the temjHjrate zones. 

(.356.) The next botanical region may be considered 
as including the Mediterranean flora, that is, ftf south 
Kurope, Asia Minor, and north Africa, down to the 
Desert, the Canaries, and Madeira, with exception, of 
course, of the Alpine heights, which belong to the first 
n'^ion. Here stand prominent the Idbiaim and caryophyl- 
Inner (families of which the blind nettle and pink aflbrd 
iustaiices). This within its limits, coincides with the 
zone of evei^i’oen trees, and nourishes those fruit-bearing 
IriH s (‘numerated in our account of lhat zone. Bice 
also and millet, cotton, guinea corn, and the almond, are 
hero cultivaUid. The cistus abounds in Spain and 
Poitngal ; the aromatic labiatae and scabios® in Prance 
inti Italy ; the shrubby labiat® in Greece and Asia 
VIiie>r; the oleander adorns the Mediterranean coast, 
lud many balsamiferous and gum-yielding trees and 
hrub.s flourish in Asia Minor and North Africa. In 
be Canary Isles the family of houselcekij (sempervivum), 
nd in Maddra arborescent heaths are common. Four- 
ifrlm of the Azorean species are European# the remainder 
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are peculiar to the Atlantic islands. A specini^ u of the 
Draccena Draco, on Teneriffe in the Canaries, i- said to 
be the oldest existing tree* 

Ihe flora of the eastem poittoR of North 
JMflaMiNU ssth 

SufOpe in the pauellgrof tpnhdBIII^^ and 

eynoiacephabiis plants : k the afaee^ and 

in the )>redominattt abnndanee of atim and 8olidajo$. 
Maize is much eultivated in the southern part of this 
region. Among its forest tieesoccnr the heinl<Kd^-epruc^, 
and the sngar-znaple, the hicfcozy, the tulip^ree, and the 
liqnid amber, as well as manj peculiar and magiuflc^ nt 
tieiks and others; which in antnnm assume the 
viYid tints of red and jeUow, Kaimiae^ asaleai^ 

deudrons, hydrangeas^ and other richly flowering 
occur also in gr^ abundance. 

(358.) The western flora of North America, duun 
to the same parallel, is less known, and constitutes a 
region apartT-that of California, Oregon, Vancouvcr:j 
Island, and Bussian America. It is remarkable fur the 
beauty and brilliancy of colour of its flowers, amori^^ 
which the eschscbolzia would seem to have imbibe <1 
the quintessmee of the Californian gold. The nemo- 
phSa% clarkks, and inuuiueiabie otos of this x^ou, 
hate become the pride of our gpfdm It is chiefly 
iu the grandeur oi its thnbetMxees that this n^on 
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stands conspifuous. The Wellingtonia or "Mammoth 
tree,” has already been mentioned (art. 847), and a vast 
number of pccnliar ooniferm, such as tiie Abies balsamea, 
giaadia,<dba,<aB»diWBi8, l)^ the Finns ponderosa, 

asid. mai^ others, 
of 

alba IfK^ F« RtfUMittKin and Lambertaana 936, 
The Tbii 3 ria gigaiiiiea of the B 00 I 7 Mountains attains 
200 feet BCany of these thrive well in England. 

(339.) The sonthem region of North America, which 
mar be called, jmt emllenee, the region of magnolias, is 
dirtinguished 60 m the corresponding r^on of the old 
continent by the paucity of labiate and caiyophyllaceous 
planta, Ite tl^ea have broad shining leaves and beautifnl 
llowms* The tnlip-tree here attains 120 feet in height. 

Ihw, too, we liave the long-leaved pitch pine (one of 
tlic most picturesque of tiees), clothing tie “pine barrens,* 
ubile the swamps of the southern states produce the 
deciduous cypress, the aquatic oak, and the swamp 
liickory. Among the more beautiful and curious of the 
llewem are the Nelumbium luteum and the Diomea 
Musciiiula. The forests of Florida and Alabama, are 
uing with air-plmts (TiHandsia usneoides). In this 
egion also mtmy tropical forms oceur— sinsiber, (^ircas, 
actus, anona, eta Of 2891 i^acies of j^ssod^mons 
•hints in tim tTidfod Sisiesi dnltf 386 occur in »orthem 
r temperate EOiops. 
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(360.) In the subtropical, or warm temperate region 
of east Asia, from the 80th parallel northward, compre- 
hending Japan, the north of China, and Chinese Taitary, 
plants of the order terrutrcemmem (tea and its cogeneis) 
and eelaslraceas chiefly abound. Camellia, thea, citrus, 
rhamnus, and lonicera, occur abundantly, the two latter 
in Mantchouria so much so, as to give a peculiar char- 
acter to the vegetation, and to merit for it the name of 
the region of rhamni and eapri/oliaeae. The flora of this 
region is, in many respect!, intermediate between that 
of the Old and New World. The loquat, the tallow-tree 
(Stillingia sebifera) the camphor-laurel, and the Westeria 
sinensis, are natives of this region. The south of China 
forms a distinct region, having many peculiar plants, 
among which the rice-paper plant of Formosa, and that 
delicate fruit, the litchi, may be mentioned. 

(361.) The flora of India, Ceylon, and the south- 
eastern Asiatic peninsula, to the height of 4000 or 5000 
feet, is more expressly marked by the number of nnci- 
berae&m plants, b;^ leguminosa, cncuibitacoe, and tili- 
^ese. Here also we And the cocoa-nut, the mangcstceii, 
cinnamon, cloves, turmeric, indigo, cotton, and pepper 
Teak is abundant in the Binnui Xbipiro and on the 
h^bar coast. The voimish-tree and that wluch pro- 
duces the stick-lac; mm^vet^ casuatiius, immense 
bamhdOB, ^ satin-wood, (CUcmnyloh iSi^idmiia), the 
Borassns flabe3iformi% A magnifleeat pah^ said to grow 
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100 feet high, and to produce leaves large enough to 
shelter twelve men, and the Amherstia nobilis, the most 
magnificent of flowering trees belonging to this region. 

(362.) The mountain country south of the Himalaya, 
to the height of 10,700 feet, including the Sub-Himalayan 
provinces of Upper India, form a region which has some 
European plants. Banunculus, nasturtium, veronica, 
and polygonum, mix with a rich ve^tation peculiarly 
Indian. Here occur the Cedrus deodara, supposed by 
Hooker to be a variety of that of Lebanon, sometimes 
attaining 200 feet in height and 36 in girth ; the Finns 
excelsa, Webbiana, longifolia, and others. In the higher 
portions of this region are found species of oak, rhododen- 
ilr(ui, berberis, and primula ; in the low’'er, many tropical 
]}luuts. In the valleys of the Central and East Himalaya, 
ai boi’esceut ferns and orchids occur in great luxuriance. 
The Saul wwd too (Shorea robusta), that dreadful poison 
tl^e Acuttitum ferox, and that most beautiful of mag- 
nolias (M. insignis), are natives of this region. India 
a] )ounds with urticas (nettle), the sting of some of which, 
as U . crenulata, is most formidable m its eftects. 

(363.) To the region of the Asiatic islands, includ- 
ing those of the Indian Ocean and those between the 
Ea.steni penimula and Australia, below the altitude 
5(K)0 fi)eVbelo(>i^ mod of the plants of trophy* India, 
with many gneab as 

which oeeun) aito in Jat^pha 
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ihd biead-fimiii eoechde^nier^ tibe poisonous 
a»ettls maokis^ tmi&tisk thati 

^ or IMSb hit «l 

Ihit cl Sttmatra»caHed tenadro 
lent CGidage. The Bafflesia Arnold! of Sanmfe^ 
aitical plant, bears the largest of ftmxrs, being 8 feet 
6 inches in diameter. Oichidem and other parasites 
load the trees in the rank forests of Java, and ferns 
also are abundant. This is especially the r^on of 
spices. The forests produce an infinite variety of useful 
and ornamental woods. In Borneo are found the l>r}(H 
balanops camphoi-a and the Pandanus (Mloratissimus « r 
screw pine, a tree with buttrei».s-like every brain h 

which terniinates in an enormous head, like the pine- 
apple plant. The sugar-cane is cultivated in Mauritius 
and the whole chstracter of the vegetation of this region 
is rich and luxuriant beyond inmgination. 

(364.) The higher portions of this district, where it 
exceeds 5000 feet in altitude, has a flora of its owii, 
nearly allied to that of the higher elevations of Indw, 
in which extratropical forms replace the tropical, and 
where we find forests of various specie® of oak, pxlocaiptH 
(a species of yew), plantagos* gentians, and vaccinia, and 
other genera of colder regions. 

(365#) Ibe islands of the Pacific (Ooeanica) &rm a 
region tba character of whose vegetation paitakeii of the 
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Asiatio and Agatra ti a n . Of itiidr 214 g^era, 173 ata 
fDOod dll SwIMih lahmda neadyoiMi 

ibiid of ftnuk laaa tim 

30 paper nolbmy, tite 

Dnusma .twaaiiialw or Id, which anppliea food and an 
intadeathif dzinl^ the ^Daoca pinnatifida or Otaheite 
saleeis which piodncea a with several other 

peculiar, fruit-hearing trees and esculents are found 
here. Lobelias, grapes, sedges, myrtles, and arums also 
abound. In common with the Australian flora, we find 
in this region species of casuarinm, proteaceife, cpacrida- 
eeie, and acacias. 

(366.) The Arabian region, which includes that part 
of tl»e Asiatic continent stretcliing across Persia and 
.Ifghanistei to the plains of north-west India, is more 
esjwciaUy characterized as that of balsamic trees, 
mimosae, acacup, balsamodendron, and amyris. The 
coffee, the sensitive plant, numerous species of ficus, 
senna, etc, are also products of this region. The Bos- 
wellia serrats produces frankincense. Coffee is supposed 
to be originally a native of Abyssmia, where in Kaffa 
it forms detme thickets. ' . 

(367.) Ihe Desert r^iot^ comprisiiig the sandy 
wastes of Africa mid Syria, as may «isily be supposed, is 
poor in plants. It has no peculiarly oharaoteristic 
genera, and species which chiefly iahphit it are 
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heap, tile date-palm, and tite doom (awi^iuiB} aupply 
fi)pd» end the pennisetom grass and Albagi maoiorum 
form tile ehi^^ support of the cameL 

(86a) The flora of tropical Afirica is but imperfectly 
known. Leguminous, rubiaoeons, and cyperaoeous plants 
abound throughout On the west coast we find the 
baobab and the palm-oil plant (Elais guineensis), ground 
nuts, and the akee (Cupania sspida), tiie envelope of 
whose seed is eaten, the kola nut, the Pentadesma luty- 
racea, tiie butter and tallow tree of Siena Leone, and 
the poison bean of Calabar. On the east coast the dis- 
tinguishing genera are danais, ambora, dombeya, and 
senacia. Cotton, indigo, tobacco, the sugai^ane, gingf-r. 
yams, cassada, bananas, cocoa-nuts, papaws, oianges, 
pine-qiples, and many others, form the rich catalogue of 
vegetable delicacies and commercial treasures furnished 
by this importantTegion. 

(369.) Central America (including Mexico and South 
America to the A m azon river, from the sea level to 5500 
feet in altitude) is the region especially characteris'd 
by cactvm and piperaceota plants. In the West Indian 
isles, ^ms and orcbideous plants also prevail. In 
Panama besides theses we find abundant l^[unuuu.si', 
m^tomacese, compositae, tanA That 

ji>wer, the Yicta^ B^pa, eociira in tim rc^on, 

America. 

31ib Gitamida, and. 
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Fern, ftlxnutd is pahsBL l%e vegetable-ivoiy palm is a 
native of Uie laat-named provinea The Anona Cheri* 
molia, or Peruvian pine-apple, ia celebrated^ Indeed this 
region is the original habUat of the pine-apple. The fra^ 
grant vanilla, and that kind of vanilla called chica, are 
cultivated in this province, with the Theobroma cacao or 
chocolate. The sugar and tobacco culture of the West 
India islands is too well known to need mention. The 
agave, or American aloe, which yields the pulque wine, 
the custard-apple, and guava, the cassava or manioc, and 
the capsicum ; among woods, the Hymenaea Courbaril, 
or copal tree, logwood, mahogany, etc.; and among 
poisons, the ourali or woorara (Strj'chnos toxicaria), ore 
also indigenous in this most rich and productive region. 

(370.) The Mexican highlands (above 5500 feet) 
offer, of course, the prevailing families of the colder 
countries. Many peculiar coniferae, the Pinus religi- 
osa, Apulcensis, Hartwegii, and Montezumse, sixteen 
species of querens, and the deciduous cypress, (which 
liere attains a height of 120 feet^ and 30 or 40 feet in 
girth) grow here. 

(371.) Between 6” and 20* S. lat., and the' latitudes 
5000 and 0600 feet in the Cordilleras of the And^ the 
dnehonan, u^eh yield the medicinal alkaloids, quinine 
aud oinohoj^u are found ahn^t exduSivdy. The' Ccir- 
oxylom sadihcda, which wax on the satfoee of 

its si«io^' C^endpoditun Otdhloii; Femvitfo 
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plaatt ftffotding a uatiitioas med fi»m ita* seeds, are 
native here. . 

(372.) The still loftiw elevations of the Andes are 
particularly rich in eseallomu and ealctoUarias, associated 
with many alpine plants. The cultivided vegetation of 
the warm temperate zone- is not altogether absent Iroin 
ftus region, since we find the vine^ the orangey snd the 
olive succeeding well in La Paz, on the plateau of Boli- 
via, 12,260 feet above the sea level (K. Johnstoa) 
(373.) The basin of the Amazon river, and the upper 
part of that of the Parana, comprising the portion of 
South America east of the Andes from the equator to 
the southern tropic, is rich beyond description in everj’ 
form of forest vegetation. Palm and melastomas are 
its more characteristic forms. We have reeds of 100 
feet high, grasses of 40, and tree ferns. The magnificent 
forest trees are covered, and in some cases stifled, with 
overwhelming masses of parasitical creepers, with or- 
chides, aracese, tillandsias, epiph 3 rtic cactuses, ^lejter- 
omias, and gesneras, or with lianas, including hignoniu.«, 
passifloras, and ari'stoloehias, ete. The Eriodendron 
sanmapva (which, from its halnt^ oug^t to be calleil 
^Celsius), puts forth no btan<^ till it has overtcq^fKHi 
eriBy other tree of the vast fonrts, over 

then juedonun^ 

whkh.yj^ caoutcdmwvii ind^en^ 

(from 
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the EiyUuoxyhm coca), is obtained from the tropical 
valleys of tiie eastern slope of the Andes. The jerba 
iuat4 or Paiagoay tea, lepiesents in its general nse, as 
it partakes in its properties and in the presence in it of 
(hcine, the tea plant of China. 

(^74.) Extca4ropioal America, from the sonthem tro- 
pic to 40” S, inclnding South Brazil, La Plata, and Chillt 
is mote espedally the region of aiiereseetU eompmUe. 
Its flora exhibits an approach to those of South Africa 
and Australia, in the families of protea, poljgala, oxalis, 
araucaria, and goodenia. That superb tree, the Araucaria 
iinbricata, which may be also considered as a valuable fruit 
tree, is a native of Chili, as are also some species of arbor 
vitas. Tlie chiefapproximation of this region is European, 
mon^ than half its genera being common to both. The 
vine and peach are cultivated. The potato is found wild 
both in Peru and Chili The loasa, a stinging climber, 
has been introduced into our gardens from the latter. 

(375.) The portion of America south of this, with 
the Falkland and other antarcric islands, constitutes 
another region in which the forms of the northern and 
arctic zones prevail A greater number of ^ts. in 
Terra chd Etuigt^ identical with, pr nearly allied to those 
of Britatof oomfr hste^, tlMBi in any other pail of 'Uie 
southern lw»t>i|pli«te. , ; fiome of the heedh trees tie 
peculiisily^itot^^ IheEb)m,ofthe}n|^itotoAi^ 
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in winter, presents a singular sj^tade — arborescent, 
and covered with snow, while still green, and frequented 
by humming birds (King). The Falkland islands are 
tredess, but rich in the v^etation of the tussac grass 
and bolax globaria, which forms dense round balls, or 
sometimes a dense bushy mass, along the top of which 
S: is piacticable to walk when impenetrable to the tra- 
veller at the ground level The character of the an- 
tarctic idands, south of these, is one of utter desolation. 
In Keiguelen’s Land only eighteen species of flowering 
plants exist. 

(376.) South Africa has a very peculiar and striking 
character of vegetation. The mesembrt/antJiemum and 
stapelia families are esj)ecially abundant, but little con- 
spicuous in comparison with the heaths which there 
luxuriate in astonishing profusion, as well a.s the ger 
auiums and pelargonia. Innumerable bulbi}U3 genera 
and everlastings clothe the sandy flats and luountaiii 
terraces with beautiful flowers ; and the pnAeacoxe form 
a rich and peculiar feature, especially the 1\ (leuco- 
dendron) argentea, with its silver-silky leaves. Tlie 
heaths and proteas are chiefly abundaiit in tln^ most 
southern districts. Northward, thorny acacias 
amoug which the “wait-a-bit" (A- detine^us) is iho ira- 
vella:*s pl«^e, with a profusion of aloes ami great 
mccvSmt euphorbias, which attdn a develop- 

ment la the desert plains of Latakooi Btirohell 
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describes scanty plants not two feet high, with hard 
woody stems^ and two or three centuries old, which 
abide their time to put forth a transient life on the few 
and far-between occasions (sometimes several years 
asunder) when rain falls. The flora of South Africa is 
connected with that of Australia by the links of the 
protean, restiaceae, iridaceas diosmas, and others. 

(377.) The vegetation of Australia is also exceedingly 
peculiar. Taken as a whole, it has been characterized 
as the region of eucalypti and tp(uyridajcemy which latter 
represent^ in this continent, the heaths of the old world. 
“Several entire orders of plants are known only in 
Australia, and the genera and species of families which 
grow elsewhere assume new and singular forms. Per- 
sistent-leaved trees, with hard, narrow leaves of a sombre, 
iiielaneholy hue, are prevalent, and there are whole 
slijulowless forests of leafless trees, the footstalks of the 
heaves, dilated and set edgewise on the stem, supplying 
1 heir placa Plants in other countries have glands on the 
niid(?r-side of tlie leaves, but in Australia there are gla^^ds 
oil both sides, and the changes of season have no influence 
on the unvarying olive green of the Australian forests. 
Even the grasses are distinguished from those of other 
countries by a remarkable rigidity ” — (Mrs. Somerville.) 
Among the Australian forma are manyproteacese, Nearly 
half the known species of this order grow in the^paiallel 
of Port Jadbson on both coasts* There are 100 spedefll^ 
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of eucalypti, and 93 leafless acacias. Casuarinas, with 
long^jointed, drooping branches, afford tlie principal 
timber ; and the Norfolk Island pine (Eutassa excelsa) 
is one of the most superb of trees. The roses of the old 
world are replaced by banksias, which are already 
naturalized in our gardens. 

(378.) New Zealand furnishes another, and the last, 
of those botanical regions. Its flora connects itself with 
that of Australia, South America, and the Pacific iidands. 
Out of 1900 or 2000 species of plants it contains, only 
730 are flowering ones, and of these, two-thirds are abso- 
lutely peculiar to it. Of the rest, according to Hooker, 
193 species are Australian, 89 South American, 60 Euro- 
pean, and 50 antarctic. The Phormium tenax (New 
Zealand flax), is a very valuable product 120 ferns 
some arborescent, rising to a height of 40 feet, occur. The 
forest trees are peculiar, and furnish excellent timber, 
the Kauri pine being one of the most remarkable. One 
palm only grows here, the Areca sapida, ami, among 
flowering trees, the Metrosideros tomeatosa is remark- 
able for its rich crimson blossoms. 

(379.) Marim V^etation. It would lead us too far 
to enter into * any parttoukr aooonnt of marine botany, 
lake of the land, it has ifs 1. Northern ; 

S. North .itlan^; S. Mediterranean,* 4. Tmidcal Atlaa* 
Uef 6, adMatoNo; 6. Auatodian and New ZMdaall; 7. 
%iiUl.0«MiiE4sd Bed ito; & 



9. Faeifio. The saigasao, or golf-veed, fomis a maas of 
almost continuous vegetation in the^ Atlantic, covering 
260,000 square miles. The h^unog^stis pyiifera is of 
universal distoibution; wherever the sea is exempt from 
ice, it occurs in immense masses, at a mean depth of 6 
to 9 fathoms. Individual plants attain 700 feet in lengtL 
Fucoidem abound in the higher north latitudes, and cysto- 
phora in aouthem. The lavers of the British Seas (as 
if to carry out the general resemblance noticed in art. 
375) occur at the Falkland Isles, where also is found 
the Durvilliea utilis, “ a v^table cable several hundred 
feet long, and as thick as the human body." 

(380.) In dqpth, according to Professor Forbes, one 
great zone lies between the high and low water marks; 
a second (the region of iuci and laminarise), from low- 
water mark to 7...15 fathoms. Ordinary algae exist 
only within 50 &thoms of the surface In the Mbdi- 
terrauean and .£!gean seas, marine vegetation occuis at 
t he depth of 100 &thoms. 

(381.) CenalvL Wheat has been lately referred by 
M. Fabre, as its origin, to the .^SgUops ovata, a native of 
the south of France and the Mediterranean coast^ which 
by careful culture he finds to shoot into varieties, and 
these again into others more and mote nearly resembling 
wheats till, after .fifteeh or sixteen yeat^a true wheat 
resnlta. Ihn oooclusum, however, has been still more 
mom odted in question by Dr. Godcopg 
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0 ea levels at least during the hotted seasons thoughsin the 
colder monthssit may be grown a few degrees nearer the 
equator. Its northern limit is 58® N. in Britain^ 64® N. 
in Norway, 60® in Kussia, and lower in Siberia. In 
Chili and Peru it grows luinmantly at 8500... 10,000 
feet abo7e the sea. Humboldt saw a wheat pliuit in 
Mexico with 70 stalks, some bearing eare of 100 gruuife 
Baulet can be grown as far noith as 70® in Lajdand, 
and 68® in Siberia; on the Alps as liigh as 3500 
and on the Himalayas, up to 12,000, Bye has its 
northern limit in Norway at 67®; in Siberia, perhaj^ 
68. Fraser found large fields of it, and of Buckwheat, 
at 11,405 feet, near the temple of Miiun, in the Himu- 
layi Eice can only be cultivated where a high iiauxu 
summer temperature (not under 78®), and such an exce.ss 
of moisture as actually to flood the fields, combine : tui 
which artificial irrigation is almost always rf^sorted to 
In India and China it is the universal food and duel 


support of their teeming populations In Ceylon aloiit 
there are one hundred yarieties of rice used, and thirt y 
of Millet, which is cultivated, for the most pari, in 
southern and western Asia and north-eastern Africa, 


also to some extent in Italy, and even so far north a?* 
Bagneres de Bigorre, in the Pynenees, where we have 
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Ccdambiu^ been pnipagated very 

eztentti^: xta eoldqr liii^ 

DiSTBIBZmON OF Afdcals. 

( 882 «) Hie distribution of ^mmab on tiie earth, like 
that of plants, is fiir from being solelj determined by the 
conditions of a suitable climate and sufficient food. The 
evidence of radiation or dispersion from local iientrea or 
primary hahiialBy is of the same nature, and equally 
cogent as in the case of plants, though modified by the 
l<»c‘omotivo powers of animals. We find the indigenous 
Faunas of the Old and New Worlds, of Australia, and of 
many islands, separated from each other by quite as 
sti\)ng lines of demarcation as their Floras; and that not 
by reason of any peculiarity rendering the soil or climate 
of tlie one unsuitod to the indigenous Animals of another. 
Uu the contrary, the animals of one region, when intro- 
duced by man into another not too different in climate, 
are usually found to multiply with extraordinary 
ra[>idity. The Pampas of South America swarm with 
wild cattle and horses, the descendants of JS!||iropean 
breeds. Strayed oxen ip Australia have been Ibund 
multiplied into vast herds; the sheep has proved prorac 
there beyond the most semguine hope; and already the 
»oug of the nightingtie and ihe. lark has begun to be 
heard in its woods. 
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(383.) Another point of resemblance in the distribu- 
tion of these two great divmons of organio creation is 
found in the fact that» though the species differ, yet 
many families and genera are represented in the several 
zoological regions, even those most independent, by 
genera and species, bearing a certam considerable paral- 
lelism or representative relation to them. Thus the lion 
and tiger of the Old World are r^resented by the puma 
and jaguar of the New, both belongii|g. same 
genus (fells) ; the crooodi^ 

of the Orinoco ; and tlm' jiiite by 

other seals resembling.lhmii in in all 

their habits, though specifically different^ in the Antarctic. 
In the New World we find, it is true, no pachydermata 
provided with trunks like the elephant, but an^pproach 
to that form is preserved in the tapirs, of which South 
America produces two species, stroi^y allied in form 
and habits to the Malayan tapir, though specifically 
distinct. Even in the Old World we find species 
distinctly localized, to the mutual exclusion of each 
other. Three specie^ out of four of the Affican rhino- 
ceros have two lioms, the Amatic only one. The Asiatic 
And African elephant am ^uite d|i^ot Icom each 
and both from the Siberian 

thoiigh aqw otMed titeie 
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a similar and almost startling kind. In the Mammoth 
Cave of Kentucky occur three genera of eldest insects 
(anophthahnus, adelopa» and bathyscia), members of a 
subterrsmean fauna, whose common character consists in 
Uvndnm, And these generic forms are found to be 
reproduced in the limestone caverns of Camiola, and 
that in the case of anophtiialmus, with an approxima- 
tion almost amounting to specifical identity {Sdii die 
Specimen Faunae Suhterranea). We find, to^ cases of 
restricted looalization quite as marked as any afforded 
by the w^table kingdom. That the chamois and ibex 
should be peculiar to the Alps, and the llama to tiie Cor- 
dilleras and high plateaus of the Andes, may not appear 
extraordinaiy when the habits of these animals, in keep- 
ing to the loftiest summits, are considered ; but the 
limitation of an active insect, well formed for flight 
(Glossina morsitans, the Tsetze fly), to & limited distnct of 
small extent in South Afnca, marked out by no apparent 
natural bounduy, yet so definite, that for a horse to cross 
a well-known linq is certain death (the trud has been 
deliberately p. Sl, 82), assuredly does 

seem very astonishing. s ^ 

(38i.) The great ms^iity -ef animated beings are con- 
fined tq eones of tempera^ more or less restricted ac- 
eortfing to organization, few only (man and thofie 
domoftio he hfe sueoeeded m aedima* 

hdi^ oa||ble of resiatii^t^e two etrir^fef ^^^^ 
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tempeiatore. And within these limits^ among herbivo* 
tons animals, the botanical limits which restrict the growth 
of their habitual food constitutes another boundary, which 
may or may not be conterminous with the former, though 
few animals of higher oiganization than insects are 
restricted in their range of food to a single or to a very 
few species of plants. The carnivora have, however, in 
this respect a wider range, their limit of food being no 
other thanrthat placed by the absence of animal life itself. 
Thus we find in the neighbourhood of the Baikal lake 
both the Fauna and Flora of hot and cold regions inter- 
mixing. At Nertschinsk the wild peach grows near the 
dwarf birch, and the tiger and the bear range the same 
forests. The former finds his way even to Barnaoul, 
crossing the Kirghiz steppes and the Irtisch river for 
prey . — (A tkinson,) 

(385.) The totdl number of species of animated crea- 
tures known to exist in the present state of the world 
may be roughly stated at about 155,000, which zoologijrts 
have classed as follows : — 


1. Vertebrata, via, : — 

Mammalia, about 1,7^0 

Bird# €,0(X) 

BeptUea . . . . * , I.rxX* 

Fiahea ........ 

a. MonitiMt 

9. 

4 , iMltft . , • ■ • • - . 10.000 


i$0^ 
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Of these the nmnber of existing mammalia may be 
consideied as pretty accurately known, and of birds with 
some approach to certainty. The number of reptile 
species, whose hahitat is determined, and of which scien- 
tific descriptions have been published, is set down by 
K Johnston at 657, and 1500 is perhaps a somewhat 
laige estimate for what may be considered as known rep- 
tiles. The articulated animals, which are all, in common 
parlance, classed as worms and insects, are w doubt as 
yet but very inadequately known, and such large addi- 
tions to them are yearly made, that it is very likely the 
real number may be double of that set down. As for 
the last class, comprehending, as it does, the countless 
multitudes of infusoria and polypes, the number here 
assigned is doubtless a most inadequate one. In stating 
the species of existing animated organisms at 200,000 we 
are probably within the mark, and if fossil species be 
included, even this large number may perhaps be doubled. 

(38G.) It will be impossible, within the limits of this 
essay, to do more than indicate Some Of the leading 
lacts relative to the distribution of the more interesting 
to man mong these classes of animated beidga. Of 
those the MiOOiAUA claim the first place. They are 
divided by natnraliata into eight orders: Quadromana, 
Morsupialia, Edentata, Faobydermata, Cmawn, Eo- 
dentia, and Getaoea. The ijmtStrmcma 

(upos, monkeys^ bahoonB» gibh(ma,eto.)’'are div^ 
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tween the Old and New World in the proportion of 14 
genera and 111 species in the former, to 9 genera and 
91 species in the latter, none of the genera beii^ common 
to both. They are all tropical animals, the great majority 
being denizens of the torrid zone. One species only, the 
Barbary ape, is found in Europe (Gibraltar), one only 
so far north in East Asia as the Isle of Niphon, in lat 
38® ; two south of the Orange Eiver, in South Africa, 
while, in South America, a few extend as far as 38® S. 
Australia possesses non& The small monkeys, called 
makky or Prosimise (the lemurs, lorises, etc.), are chieiiy 
natives of Madagascar and the neighbouring Mozambique 
coasts- The Gorilla, the most formidable of the apes, is 
limited to a very narrow region of Central Africa,^ wbicli 
European, and we may add, American research has only 
just succeeded in developing. The ourang-outang is a 
native of Sumatra and Borneo, and its African congener, 
the chimpanzee, the most gentle, human, and intelligent 
of them all, inhabits the forests of south-westein Africa 
between Cape Negro and the Ganjbia. The bcAvn 
monkeys of the New World (the sap^ous and sajuans) 
are, for the most part, smaller and less ferocious than 
the Simias of the Old, and differ fipom them in their 
system ef dentition and the absence of 
Ibejlf is in the and Gukna 

* du ty MssI htsimm sad 
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(387.) The Marmpiah (or those which carry their 
young in pouches, including the opossums, kangaroos, 
wombats, phalangers, etc.) constitute 14 genera, including 
123 species. Of these only one genus, the opossum, is 
found in America, distributed, in 21 species, over the 
whole continent, from Canada to 36® S. All the other 
genera belong exclusively to Australia, Van Diemen’s 
Land, and the islands of the Asiatic archipelago, as far 
as Java. In Australia they constitute ai>**immense 
majority of the mammalian species, in which, with this 
exception, that singular continent is exceedingly poor. 
In the islands of the Archipelago only seven species are 
eniiuierated, among which one kangaroo is said to occur 
hi Java). In no other part of the Old World are any 
luar.supial animals belonging to this class found living; 
and if we would seek for indications of them, singularly 
enough it is in the fossil remains in the oolites of the 
south of England, the antipodes of the region which 
tlu y now almost exclusively possess. 

(38S.) Tlie genera of edentata, or toothless animals 
{i l'.e sloths, anniuiillos, ant^^aters, manises, &c.), eight in 
uumher, aie equaUy distributed between the Aiaencas 
:>nd the rest of the world.; the former, howevel, being 
I ielici in species in the piopottion of 20 to 8. The sloths 
live entirely inti!^,ehi^ in tbe Bnmilkn fi»ests; the 
iiruiadillos range &iongh Central and Soatfaera Ame- 
as iter as tiie isd of S- kt. That rare and 
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most curiously formed little animal, the chlamyphorus, 
is found only in the provinces of Cuyos, in Mendoza. — 
(Sir Tf. Parish!) The ant-eaters (myrmecophagi) extend 
no farther south than Buenos Ayres (of which the largest 
is the M. jubatus, remarkable for his enormous mane). 
Among the Asiatic and Africa edentata, the manises, 
or scaly ant-eaters, have the widest range, being found 
in Senegal, North-east India, and the Eastern and South- 
ern Asiatic isles. Australia possesses two genera, the 
echidna or porcupine ant-eater, and that most extraordi- 
nary animal, the omithorhynchus paradoxus ; the only 
mammal which lays an egg. It is found in tlie Slarruia- 
bidgi and other rivers in S.E. Australia. 

(389.) Of the 39 species of pachydennata, aniinged in 
9 genera, none are Australian, one only (the wild hmx) 
European. The elephant is limited to Southern Asia, 
Scythia, the Archi]Kilago, and Central and Sontlurn 
Africa ; the hippopotamus is exclusively Alrieau : the 
rhinoceros coutenninous, or nearly so, with the eh'phant. 
The swine* and the hoi*sc; (including the wild ass aiu! 
zebra) ate the most numerous in of tins elass, 

nine species of the foiTuer being over Ktuopr 

and Asia, three (the wait-hogs) in Africa, and two (p< - 
caries), being South Americim representatives of 
family. Hio wild ass fmquents the ami high 

plateaus of Asi% and the mdm k exclusively African. 
The tapirs hav6 been already notii^d 
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(390.) The carnivora form a very large class, con- 
sisting of 514 species, arranged in 61 genera, and divided 
by strong natural characteristic distinctions, into five 
families, viz., tlie digitigrcides^ or those clawed beasts of 
prey, which spring and leap on their prey, and which 
comprehend, as cats (feles), the lion, tiger, leopard, 
panther, etc.; and as (canes), the wolf, fox, etc., 
and which comprise the most active and formidable. 
Tlie •planiigradcs, as bears, badgers, racoons, whicli 
use the whole lower joint of the leg as their support, and 
(in the bear) stand often erect on it as a bioad basis. 
The insectivorous (liedgehogs, moles, shrew-mice, etc.), a 
fatuily little formidable : the jlying cais^ a small family 
< oufined to tropical Asia ; and the bats. We find by far 
tlu.‘ majority of species, and, with -exception of the beam 
and wolve-s all the lai^^r and most formidable ones, con- 
tiiied to the tropical countries. Tliis is so marked, that, 
if wo divide the world into austral, tropical, noith tem- 
l>t‘rate, ami arctic (understanding by austral the extreme 
Soutli America, from 40'' S., wdth Australia and its con- 
nreted islands), we shall find the vmn density of species 
iuliabiting <ach of these mriatm^ to stand in proportion 
1 1 ' ally as follows, viz.— 

^ 'rin,H efltinmto is founded on tho enumemtlon of specie# in piirti- 
t'ul&r ilistrIcU, given in the Fhytical Afloi, and i# so framed as to be, as 
kv us possible, independent of overlapping. 
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Aastral . 8 

Tropical . 86 

North Temperate 9 

Arctic 7 


The disproportion in the southern division would be 
still greater were it not for the comparatively lai^ pro- 
portion of bats found in the Australian and Oceanic 
islands, the greater number of which, however, it should 
be observed, belong to the “frugiverous” bats, which 
only by cc^urtesy of structure belong to the carnivora. 

(391.) Among animals of this class a few only can 
here be specially noticed. The Iton is found over all 
Africa, Egypt and the Libyan Desert excepted ; and in 
Asia, only in the districts bordering on the Euphrates, in 
Persia, and the jungles of India. Tlie whose migra- 
tions, as we have seen, take a wide extratropical rang(\ 
lias its chief habitat in the forests and jungles of Bengal, 
the southern mainland of Asia, Java, and vSurnatni. The 
jmma ranges over both Americas, from SO'" K. to 53 ’ S. ; 
the jaguar is principally found in Bnuil and Paraguay. 
The wolt though now nearly driven out of tliC 
populous portions of Europe, is indigenoui^ (vvi?!i 
American congenm) over the whole northern la lai 
sphere^ from the arctic latitudes down to the tiopit ai 
ones. The bear is largest and most formidable wttinti 
the arctic u the white or polar hm, and in ihr 
American foieri^ m llm griri; ql the ky 
Savannahs, the 
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their species are not numerous, and in the austral region 
none occur; neither is any species of the insectivora 
native in these regions, though otherwise pi*etly equally 
distributed over all the others. The hats are chiefly 
tropical, 55 species occurring in the tropical region of 
America, 41 in that of Africa, and 67 in that of Asia. 
Of these the only formidable one is the vampire, a West 
Indian and South American species, which sucks the 
blood of animals during sleep, and occasionally of man. 
The immense numbers of the bat tribe, which suspend 
themselves, head downwards, in caves in tropical regions ; 
and, when disturbed, rush forth, rendering the darkness 
liideous with their ill-omened flappings; are always 
dwelt on with peculiar emphasis by those who have 
visited such scenes, 

(^302.) Tlie Rodmtia, though a very numerous class, 
\\ ill not detain us long. They consist ofi 1. Sciuridcs; 
± Muridcr; 3, IJystidcidcs; 4. Leporidcsy or animals 
allied to the squirrcU moim, porcupinCy and karc^ divided 


ib' follows: — 


• 

Genera, 

Speciaa. 

S'j'.inrul* . 


14 

169 

MuriJw 


47 

. ‘^306 

Hvwtriddw 


SO . 

99 


. 

2 

46 



93 

620 


Of these genera 44 belong exclusively to America, Ond 
o exeliisively to Australia (the total numb^ of Attih 



80 mtaih oMc&am 

taal&ik idng only 3% tad Qtfifk emdiyd tidmly 
to {he miiii(to). Exduding the mem dmi^ of 
specm in the temperate to that in tl» ^opcal fegions 
of the globe is the ratio of 16 : 19.* 

(393.) Among the rodentia the most remarkable are 
the beavers and the porcupines The former (classed by 
a rather strained analogy among the squirrels) are 
represented in North America by the genus Castor, in 
Europe b}'* Fiber. This latter form of beaver, within 
the records of history, inhabited Britain. Of the iK»n*u- 
pincs, 77 sjyccies kdong to America, and only C to the 
Old World. Idle common porcupine is a native ct 
south Europe: wc remember to have picktnl up th<* 
of one, which seemed to have freshly drc‘pjH.d 
from the animal, in the immediate neighbourhood »>f 
Borne. Tlie flying squinels are natives of the Mala} tin 
peninsula and Java, 

(301.) Of all the mamimdia, and, in»h‘(Ml, of tlu' 
whole animal creation, the Ruminantia aiu tlu' mo^^ 
important to man. Of these there aTre b gemau and iso 
species, divided by Mr. Waterhouse as follows: — 

Ola\^«^ta N(WW 1 

Camelfl . . 2 2 0 

Llamas . S 0 

Musk Leer . . 7 7 0 

Beer .... 51 37 H 


• These numbers are concladed from Mr. Waterbvuse’a sUtoBieni i.f 
the mimber of epecies in the Pkiftioal 
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'fliilOlM. 

tlldWorid. 



; ■ •■vf 

^ 0 



. 47 . 

1 

OoMi'' 

. . . io 

.18 . 

2 


. . . «7 

* 85 . 

2 

CM « 

. . . 20 

. 18 . 

2 


Of caml$t the African and Asiatic (or Bactrian) are dis- 
tinguished by having respectively one and two humps. 
Both inliabit arid regions, and are singularly provided 
with an additional stomach for the retention and convey- 
aiK O of water in their long wanderings in dry places. 
Tin* llajim was the only beast of burthen known in Peru 
ill the time of the Incas. It is the American represen- 
tjtiive of the camel, and has no hump. It is described 
:is tlie “ chameteristic quadruped of Patagonia” by Mr. 
Hai win. Among devr, the rein-deer is by far the most 
important as an animal of w’onderful endurance, speed, 
ami docility — the special gift of Providence, as it would 
to the inliabitants of the regions bordering on the 
iUMiu circle. Tlie camelopard is exclusively African; 
and of its two vspecies, the one belongs to North, the 
• alicr to South Africa. The antelope also, though repre- 
si ntcd in Europe by the chamois,* in America by the 
prougbuck, and in Asia by eleven other ^ecies, is yet, 
exeellmce^ an African animal, both in respect of the 
muuber qi the species, and of the countless multitudes 
of individuals which, in their migrations in search of 
water, are described as covering the. whole surface of 
extensive tracts of country like the waves of the sea. 
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Among the goaJts^ the ibex frequents the loftier regions 
of the Swiss Alps. The Asiatic species frequent tlic 
Taurus mountains and Kamschatka. The shupt domes- 
ticated in Exirope, would appear to be traceable to 
Western Asia, where, as well as in Africa, the wild 
species frequent the more inaccessible mountain dis- 
tricts. Of the two American species, the argoli of the 
Eocky Mountains is remarkable for the enonnous honis 
of the ram* Among oxen, the south African buffalo is 
wild and ferocious, the Indian domesticable. Tht* 
American congener, the bison, exists in immense herds 
on the north-western American prairies, from California 
to 60"" N., a huge, ugly, and terrible animal, the very 
type of blind brute force. It is in rapid process of 
extermination. The musk-ox is the only considerii]>h‘ 
ruminant of the arctic region of America. Australia 
produces no ruminant animal. 

(395.) The Cetacea are a veiy j>cculiiir class, nuin- 
bering among them many forms which never leave llie 
water, and have the external aspect and general attri- 
butes of fishes, as the whales, the cachalots, and tin- 
narwhals (baljjenge, physeters, and delphiniihe), ns well 
as the lamantin of the Orinoco, the dugong, and tJie por- 
poises, but they also comprehend two gfuim of animals, 
bearing little resemblance to fishes, and which are pro- 
perly ampMbious — the seel (pboea), and walrus m morso 
(tiichecus), the latter of which is exdurivdy confined 
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to the polar seas, unless drifted southwards on floating 
ice. The former has a considerably wider range; some- 
times reaching the Orkneys and Hebrides, and even the 
Isle of Wight, where, within our own recollection, a 
sj)t>cimen has been captured in Freshwater Bay. 

(396.) Distribution of Birds , — Six thousand species 
of birds are said to exist in the Museum of Berlin alone, 
but of those which are accurately described and classified 
and of which the hahitaf. is satisfactorily known, the 
number is much smaller. Not much above half that 
imml>or are enumerated as such by Mr. K. Johnston, 
and of tliese the mean densities of species in the several 
*,nx^at divisions of the globe, concluded from the data of 
liis enumerations, are, in proportion to each other, as 
follows, viz. : — 


Europe . . . 15 

Asia 5 

Afnca 6 

America 6 

Australia and^Lkcanica 4 


As regards tlie mean density of species, then, we see that, 
“i Ibcsc divisions, Europe far exceeds any of the^ others. 
As is the case with the mammalia, the mean density of 
increases on approacliing the equator. The dis- 
ii ibution in zones of temperature, calculated on the same 
ioinciple as before adopts, ^ill give for the several 
voiles the feUowing pioportioi^ 
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Kortlieni Frigid Zone 3 

Northern Tempemte do. • . • • « 3 

Northern Warm do 3 

Tropical do. I i 

Southern Warm do. . . • • . • • 3 

Southern Cold do. 1 


Where the abundance of European species is again a|>- 
parent is the disproportionate percentage of the northern 
temperate zone, which here includes the whole of EuKijH*. 
In this statistical view, the habitat of the migratoi y 
birds is assumed to he that in which they settle during 
their breeding season. Wide as the range would seem t* > 
be which the power of flight gives to birds, they appear 
to be retained to particular regions, indejiciident of tem- 
j)erature, chiefly, no doubt, by the condition of tlu ir 
finding their appropriate insect and vegetable food ; but 
partly also by local association of another kind, whi( h 
seems to be strong in this cla^s of animals ; vsiii<‘e w 
find instances of migratory birds identified m returning 
to the same spots for breeding in successive seasons. 

(397.) The paucity of species in the arctic 
both north and south, is compensated, csjMscially in tin' 
former, by the multitude of individuals, which, inostlv 
living on fish or other marine products, find 
abundant food. Thus we find Uiat even in so cKtreino 
a latitude as 80“ 17' N, at Gape Andrew Jaekson, Dr. 
Kane leporta^ “n^r had th^ seen lia birds »..> 
numerous. Ty* irater was al^lutdiy blaek with duvti- 



BIHDa 


347 


kies, and the rocks crowded” with these and with ivory 
gulls, moUe-mokes, eidetnlacks, brent-geese^ etc. In 71° 
56' S., on Possession Island, in like manner we find the 
penguins assembled in countless multitudes, and fring- 
ing every ledge of rock. 

(398.) Birds are divided into the orders of Bapaces 
(biiVls of prey), Scansores (climbers), Oscines (singing 
birds and petcheis, including the humming birds), Galli- 
naoeie (poultry), Grallatores (waders and Jong-legged 
birds), and Natatores (swimmers). Of rapadom biids, 
the eagle is the noblest. The golden eagle inhabits the 
higher grounds of Central and Southern Europe, extend- 
ing his range across the Crimea to the Caucasus, and 
being also a denizen of the Scotch and Scandinavian 
mountains. The condor, the largest of vultures (span- 
ning 15 feet across the wings) soars far above the highest 
j leaks of the South American Andes, but never crosses 
the istlunus to the northern ranga The albatros dis- 
dains the land, and sleeps on the wing over the widest 
i xlratropical oceans, above which he seldom rises to any 
great height Swanlike in*apparent size, his wings 
• xtend 10 or 11 feet The vulture of the old World is a 
native of AMca and India, and sometimes visits Sardinia. 

(399.) Ammig the climbers, the most beautiM and 
interesting are the parrots, ooclmtoo% and lories. They 
are chiefly ^jdcal, but in South Adfiaerica mnge to the 
extremity iof the continent, and are abundant in Australuu 
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and the neigbbcmntif vii& tfai tfoliu^as and 
Aioo iahmds. Toucans are Confined to the tropical 
i^on of South America. The tropical r^ion of Africa 
is poor in climbers, the species being to those in the 
corresponding region of America only as 21 to 122, or 
about as 1 to 6. 

(400.) In the numlxnr and variety of its singing binls, 
Europe stands pre-eminent— 1 10 species are especially su 
characterized ; and the total number of bixds of this oivl* i 
in Europe is 186. Tlie nightingale (of which there an* 
nine European species) sings, in England, nowhere iioith 
of the Tees and nowhere west of Exeter. Whatever tlit* 
richness of European bird-song, however, North Aiueri^ a 
can produce its single mockbird, the very embodied spirit 
of woodland melody (a native of Louisiana and Carolina \ 
which, besides possessing an unrivalled song pniper !»> 
itself, imitates in perfection, and even surpasses, that ot 
every other species. The humming-birds also Inilong in 
this Older. They are chiefly restricted to tropical Ann 
but a few species range very widely. One has even \ JCt * \ \ 
found on tlie shore of Behring^s Straits, in Gl'' K., and 
others in Teira del Fuego, flying aliout in a snow-storm : 
so that^ so far as cUmate goes, there is no tmotx why 
they should not be naturalized in luropa In Capo 
Cofaay they are represents ly flic "8agat4>irds."— 
(Ceithia). 
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( 401 .) 01 is a native 

of India^' jifanuMtit is ii^^fenotis tiuough Asia, from 
the GaocaMi tft Somatra. That beantifol bind, the 
Aigus pheoeimti is & native of China, and the lyie-bird, 
ihc most elegant of the whole oider, is the Australian 
representative of the pheasant &nuly. The turkey, in 
its wild state, is peculiar to North-west America The 
pi-^eon family is equally indigenous, both in the Old and 
New World, there being 6 European and 8 American 
species. They are found in countless m3Tiad8 in the 
Xoith American forests, where, in congregating to 
roost, they cover every tree, over large tracts, to crowd- 
ing, and even break down great limbs by their weight, 
])riAlucing all the havoc of a storm. Flocks, consisting 
of millions, pass, twice in the year, over Canada and 
t Ir- northern states in their migrations north and south- 
ward. The dodo, a large gallinaceous bird of Mada- 
giisi ar, wlfich has become extinct within the memory 
of man, is considered, fixim the structure of some of 
its 1)01168, to have been a gigantic pigeon, too heavy for 
long flights, and thus, as in a similar case in the Isle of 
Ifodrigucz (that of the solitaire), to have fallen an easy 
lin‘y to man. 

( 402 .) The mrder graUatpm or waders, besides storks, 
nainingasg^her^ ete., which really wade, is made to take 
in inmiy Ictgdt^ed birds which frequent the places' 
of the earth, la- the oi^ch, the ^n, the cassowary, etci. 
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The two-toed ortrich, the largest existii^ bird, is at pre- 
sent nearly confined to Africa, in the Old World, being, 
however, represented in South America by the tlm‘o-toed 
ostrich Suri or Tiyu (Rhea). Though unable to fly, its 
wings assist it in running, in which it is the flei*.test of 
animals. In ancient times, its range extended thiT>ugh 
Asia Minor, Persia, and South Asia, to the farthest I£ast, 
but it has become exterminated except in Arabia. The 
cassowary, which has hair for feathers, inhabits south- 
east Asia, and the Indian archipelago, as far as New 
Guinea. Tlie emu (remarkable for its long, narrow 
double feathers) affords another instance of the singular 
l)izan’eries of Australian organization, as does also tin* 
r)einorms of New Zealand, which should it be (as is 
barely possible) not yet entirely extinct in the unknown 
interior of the Australian continent, must take the pre- 
cedence of the ostrich as tlie giant of living biixls, i-s 
skeleton standing 1 1 feet in height, * 

(403.) To the swimming birds belong the swan (u liich 
in Australia is black), the jielican, the eider-duck, and tlir 
penguin, besides innumerable geese, ducks, etc., wliirli 
people the colder lakes and sea shores of Arctic Asia aii'l 
of Northern America. Of 112 Eiiroiwan 8pci i(;s. tt 
belong to tliis family, and 33 to the gulls. The jMjlican i 
a native of Eastern Europe, and is not imesommon on the 
Danube^ and very eoHunon in AMca, ia the trtipicul 
islands of Asia," at Skm, and in (%iiia. It ocours also. 
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very widely diffosed^ in North America, and even in 
South Auatialia, so that it is one of the most widely 
distributed of birds. The eider-duck is exclusively 
confined to the northern seas, though it has been 
known to breed as low as the coast of Northumberland. 
The penguin, on the other hand, haunts the desolate 
islands of the South Seas, the Straits of Magellan, and 
tlie Falkland Isles, and is unknown in the northern 
lieniisphere. ’ ^ * 

(404f.) Distribution of Reptiles , — Of the 1000 or 1600 
species knoun to exist, those described and well ascer- 
tained os to hahitat amount to 657, divided into families 
aiul genera as below, viz. — 


Families. 

Genera. 

Species. 

Testudines (tortoises) . 

. 3 

69 

Sauna (Uaaids) . 

. 9 . 

203 

Ophidia (gerpents) 

9 . 

. 265 

Batracbia (froge) 

5^ . 

120 


And tlie proportions (in respect of the mean densities of 
.s]K'eios) in which these are distributed over the great 
divisions of the globe, and the zones of temperature are 


these, viz, — 

\ 

‘8 

A&ia 5 

Africa 6 

Amorica 3 


AustiialaasadOceanica 8 

And ia zonea, ia the jpioportieiii. s$) of fhe num* 

bm:— ' ■ if , 



352 


Temperate 
Tropical 
Austral . 
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It is chiefly to the forests and swamps of Brazil and 
Guiana, which swarm with reptile life, that the marked 
disproportion between America and the other divisions 
of the globe is owing. The tortoises (including the 
turtles) are almost entirely tropical, veiy few laiul 
species existing anywhere beyond W or 40° of latitude, 
and the turtles frequenting only the tropical seas. The 
alligators or caymans occupy tropical America, fre- 
quenting the rivers from 30° south to 32° noiih. Of these, 
some species during the dry season buiy themselves in 
mud, and remain encrusted and toipid till the first 
rains, when tliey at once stait up, shake off their cnist, 
and rush down to the first indication of a stream, 
Humboldt was, ofle rainy night, surjnised by such a 
resurrection of one, over whose donnitory he h«ad un- 
knowingly made his own. The tme mccxlile is Afneaii 
and Syrian, and is found in the Sile and iu all Iht- 
rivers of tropical Alrica, as well as the Euphrates. The 
gavial infests the Ganges, Chamefems alsmnd in 
Africa, lK)th north and south, and are even ftmnd oci u 


sionally in Spain and Italy, Tlie ipamm m mien in Hu 
West Indies and in Central Afnea am 

considered very delicate food, the 


most remari:ahle iseem to 
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described by Dr. Livingtone as inhabiting the Kalahari 
district of South Africa ; whose instincts, like that of 
the cayman above mentioned, excite him from torpor on 
the first symptom of rain, and one of which furnishes an 
excellent repast In the case of the Surinam toad or 
pipal, tlie female hatches her eggs on her back, the 
young from which, when produced, bury themselves in 
her skin, and there undergo their transformations. This 
toad is 8 inches, and the bufo agua of Brazil- 10 or 12 
ill length. 

(105.) Of 265 known species of seipents, only 58 
an*, venomous. The serpents of America are, without 
exception, specifically diflerent from those of the Old 
World; and, in the latter, they are entirely absent in 
all the. Pacific islands, while in those of the Indian archi- 
])( lago they abound, though with singular and capricious 
t*xcoptions. Thus in Java 56 species occur, in New 
Zealand not one; in Australia 10, 7 of which are 
\ «‘unmous. Of 6 species found in Japan, none exist 
<’]'*»*\v]iere. In no class of animated beings is the locali- 
of sjiecies so marked. In general, hoxyever, in 
“'inmon with nearly all others, the abundance of species 
iiu rcases with proximity to tho equator. Sea 8eri)eiits, 
which 7 species are known, all venomous, are found 
‘>n}y in iinian Ocean, and the seas of the Indian 
Omnln AMit|Mdago. As regards particular and 
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is North American, \rhere it represents Uie European 
viper. The cobia-capello, or hooded snake (the dancing 
snake of the Indian jugglers) is common ewiywhere, 
from Malabar to Sumatra. The boas a» peculiar to 
the tropical forests of South America; their represen- 
tatives in the Old World, the pythons (one species of 
which attains 20 feet in length) range over North Afnca, 
through tropical Asia, to China and Japan. This snake 
(which is not venomous) is probably that which gave 
rise to the extravagant exaggeration, in the accounts 
handed do>?n to us, of Eegulus’s invasion of Africa. 
Lucan’s description of the serpents which annoyed Cato's 
army is not less extravagant Africa, in fact, as legards 
species, is not comparatively rich in serpents. 

(400.) Distnbutvjn of Fi/ihes, Molltises, arul the Lon - e 
Aqufdic Organisms. — The habitat of Fishes, like tliat ol 
land animals, is necessarily limited by the condition v\ 
their supply of appropriate food, as well as by that <>< 
an appropriate temperature, which for them is that 
the surface water, since Tery few fishes are capable uf 
sustaining the pressure of a greater depth <.>f wnt. r 
than 100 or 150 fathoms, and in these the air-bladdt i i- 
either entirely absent or in an imperfect or nulimentui ;< 
state of development, micb an apparatus l>ring usi h* 
u^det the heavy pmjsure irf 20 or 30 atmosplu n 
libe way in which surface temperature may set a limi: 
to the vi' i!m’ 
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widest rang^, is curiously exemplified in the case of the 
whala The “ right whale" (Balaena mysticetus), accord- 
ing to Lieutenant Mauiy» is incapable of crossing the 
equatoj; and &e whales of this class taken in the South* 
eru Ocean are specifically different from those of the 
Arctic and ITorth Seas. Yet, as we have seen (art. 49], 
tlie temperature of the tropical seas is superficial, and at 
a depth of two or tliree thousand feet would be so mucli 
mitigated, that but for the necessity of rising to tlic 
surface for air, which is common to all cetacea, there is 
lu) i^ason why he might not pass, since the whale 
habitually plunges down to immense depths, and seems 
ipiite unaffected by a pressure sufficient to waterlog" 
(lie wood used in constructing whaling boats. 

(407.) The ultimate food of such fishes as do not 
]av.y on one anotlier is either the soft parts of marine 
N'cgetables, or such animal organisms of inferior order's 
a-s either draw their food from these, or extract it cheiui- 
<*ally from tire water. Such are, of course^ far moix? 
iibundaut, or at least more varied, in the neighbourhood 
of the slioi'es, or upon shoals affordifig marine vegetation, 
oi the estuaries of rivers bearing supplies fropi the land ; 
and it is therefore to the vicinity of these that a very 
laigc portion of fishes is confinei The widest oceans, 
is tru^ abound in organic life at and near their 
surfaces. IJjmn in very ^Id laiatades countless millions 
of creatures the genua exist, imd other's of a 



8i^ 

iMger iBn^]iei(Bdami[xtf 

to sneh an extant^ aa to conv^ ibe sntiwe irl^ In 
some plaoes abnoat into a land of aonp^ vhich Ittist8h(s 
food not merely to wnall fiah bnt to cetacete of the 
largest growth; and in tropical regions the sea teenis 
with minute forms of animal life in infinite variety — 

x 

small mollusca, Crustacea, and luminous creatures, as 
salpse, pyrosomas, etc^ many of them gelatinous; and 
where thq sea is covered with floating weeds, the^e 
become the haunts of a numerous population of Sf)ecits, 
crabs, sea-slugs, etc., peculiar to them. Thus, wdmtevt‘r 
be the distance from shore, food is not wanting for sik Ii 
fish as are fitted for its as8imilati()n, and the fish of jat y 
(as is also the case with land animals) are confined h\ 
no limits but those which temperature sets to tin ir 
range. 

(408.) The cetadea arc not properly fishes, but 
to the class of mammalia; and inasmuch as many or 
tliem breathe air, and are obliged to come to tire surfa< 
for its renewal, border on, and, in the citses of tin* s(*ab 
and walrus, really are amphibm ; in of tin* kniaji- 
tin and dugong, nearly such (art. 805;. The f 
whales, as a Jiunily, have a very wide range, md 
of the species are found in almost enery^ r-u. Tin 
Bedsena mysticetus, m wo have seen, dot^s ni>t appeiif 
between the tropicss, nor doea the narwhal, which i- 
specially arctic. * The RoiqiJal {which fumisbetn w hah 



mm, 

bone, eiiii.^li.Mld to attain 100 feet in length) is a 
denizen ^ l!d|||[h latitudes (70^"— 00^ If*) The Cachalot 
(Physeter nmcvoceplialus), on the other hand, does not 
visit the eolder seas, but wanders over the whole of the 
temperate and torrid ocean, affecting always the central 
and deepest parts. The grampus, porpoise, and dolphin 
ocviir in almost every sea. 

( 109.) Among fishes of prey, the sharks, though not 
confined to the tix)i>ical seas, are there by^ far most 
almndant Some occasionally visit our own seas. The 
Imprest of the family (Squalus maximus), the Basking 
Shark, visits pretty high latitudes. It has been seen off 
th(* iiorth'-west coast of Scotland, where it has been 
taken for the “sea serpenC It attains 50 or even 60 
ieet ill length, and one of the former size was lately 
taktm at Kuraci, at the mouth of ilie Indus. Happily 
its voracity is not in proportion to its size, as it lives 
( hiefly on medusm and sea-slugs, small fishes, etc. 

(410.) The localization of those fish which live near 
sliort\ and furnish tlie principal part of the marine 
t ontribution to Imumn food, is often very limited, and 
wc find almost as many littoral “provinces^”, of fish as 
UuTe aiv lines of coast characterized by some common 
oitJier of soil, rivers, or climate. In general, it 
outy bo noted as a universal feature^ that the odder 
waters furnish those speoifia best fitted for food, and that 
oven in the same species the individiids taken in cold 
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'watmjm ft?. A0 ieI« W ftiY«waad quility 

Mmif, lto«so«QiBit Aft oibies 

(tftihfi Uoiied States sMsnpiiliedtOve att^fteirvelmto 
the sbeaoi of cold •ynlbet whi(ft seta down the coast out 
of BafiSn’s and Hudson's Bay, between it and tlie Gulf 
Stream (art. 55). “Ibe ‘Sheep’s-head’ (? species), so 
much esteemed in Virginia and the Caiolinas, when 
taken on the warm coral banks of the Bahamas, loses all 
its flavour, and is held in no esteem. The same the 
case with other fish. When taken in tlie cold water of 
that coaat they ha\e u delicious flavour, and aiv 
estecme<l; but when taken in the warui water on tlie 
other edge of the Gulf Stream, though but a few null s 
distant, their flesh is soft, and unfit for table."’ “A 
current of cold water from the south sweeps the 
of Chili, Peru, and Columbia, and reaches the (Jallapag(»s 
Islands under the line” (art. G4). “Throughout tin- 
whole distance the world does not afford a more abnu- 
(laut or more excellent supply of tlsh. Yet, out in the 
I*acific, at the Society Islands, when* coral al/oundh and 
the water presents a higW temperatum, tin* Ihli, ihoii^h 
they vie in gorgeousness of oolonring %ith the binb, 
plants, and insects of the tri^ucs, ate held in no « < ni 
as an article of food* I have known sailum, vren afli » 
long voyages, still prefer their salt beef and pork to u 
mess of fish taken there**' {P%a <?a5gr* o/ih p. r>;>.j 
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(411^ df eoloiatioii inferred to in 

the is a genond ona 

The li^ eolom; W as 

tlio Simwttf^lampa aiN^ndlft ll^e sc^ towards the 

equator^ the species^ not only of fishes, hut of all marine 
animals in dl seas, become more highly and more 
variously coloured. The brilliancy of colour of the fishes, 
shells, and sea-weeds of tropical, and especially of the 
Indian and the Caribbean Seas, is spoken of yith admi- 
ration by eveiy voyager, and is enhanced l>y the purity 
i>i the water in those bays and recesses which are kept 
cleiui and scoured by the indmft of currents from the 
(I»*e]) (X'ean. 

(412.) A bare enunieratiou of the several “littoral 
of marine life (and our limits would allow 
little, more) would be of small interest, and it will suffice 
to (jbscr\'C that, with exception of arctic forms, which 
a common origin in the polar sens, and are, there- 
fore, proimgated downwards in both oceans, scarcely any 
of littoral marine life are specifically identical 
in the Atlantic and the fticific, andWt evenon opposite 
Md('s of the Atlantic itself but few species a^e.common 
to botll. 

(413.) Of migratory fish, some resort to' rivers to 
>ipawn. The principal of those is the salmon, which is 
found in most of the rivers of cool temperate coasts 
down to the 45th dog^ qf Mitttde; aid so definite ate 
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the hal^ of tin fish in tiiis raepech that in adjacent 
liTera^ <m the KW. coast of Ireland, abounding in salmon, 
the fisfi of each river are kno^ to the fishers by some 
peculiarity sufficient to ground a recognized claim on the 
part of one proprietor to fish accidentally strajing into 

the precincts of another. On the other hand, such fish 
as migrate seaward, as the cod, the herring and the pile 
chard, appear to be driven southward by the cold of 
winter, or by the failure of their food resulting from it, 
and descend in immense shoals, and at fixed periods, like 
the birds. Thus the cod arrives annually on the banks 
of Newfoundland, along the cold current inside the Gulf 
Stream, and also in the North Sea, descending by the 
coast of Norway, in February, to the Dogger Bank in 
vshoals so dense that the sounding line can hardly jiass 
between them. The herring also visits our coasts in 
winter, its migrations being very definitHly limited t<» 
water of a certain precise temperaturti, a circumstaiu t- 
which, taken in conjunction with the fluctuations kno\s it 
to exist from year to year in the limits of the Gulf 
Stream, and the surface-drift currents from the S,W, (art, 
55), may serve to explain the sefOTingly capricious 
desertion of certain bays and haunts of these fi^^h in muv 
years, and their appearance in others not prenously frt- 
qi^rttedtythem, 

{4(14) About 858 

be^h dd^b^ tpf vbidk 813 live 
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eatirely ui &edi water, and 60 df the tnarine species 
resort to fresh crater to spawn. Of the marine species 
444 inhabit the Mediterranean, 216 ate found off the 
British coasts, and 171 are peculiar to the Scandinavian 

seas. * 

(415.) It would be wrong, in speaking of fish, to 
omit all mention of that remarkable and very curious 
power manifested only in this class of animated beings 
— the power of giving forth a voluntary electric shock. 
Tljis is possessed by several distinct species : among 
<i*a-fish, by the torpedos, four species of which are 
i'lund in the Mediterranean, and others in the Indian 
seas. They occur also in Table Bay at the Cape of Good 
I fupo. The Isle de Ehe, on the French coast, is remarfc- 
ahlo for the frequency of the occufrence of one species. 
LIk* Gyinnotus electricus, whose shocks are most for- 
II livable and even dangerous, is a species of eel which 
inhabits the Orinoco, but is more common in jk)o1s and 
];i:irslies Oil the eastern bank of that river. It is also 
iiuind ill; other rivers of the eastern part of South 
America;:. arifl Humboldt calculate that each square 
l eague of|thf Pianos de Caracas contains two or three 
I'mids filled |wUh these creatures. It is caught also in 
nnhnia, . , : 

(416.) ^3^ distribution of tlminame innlinsca^^^ 

is Very power- 

^ depth. Ul 
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that of vegetable life we have seen how increase of alti- 
tude in the air acts with all the influence of increased 
latitude, as bringing the plant into a colder region ; but 
the influence of depth in marine life is one of a <]|nite 
different kind. As* regards temperature, no doubt the 
water in the shallow sea-bords is subject to diurual and 
annual fluctuations of temperature to a considerable ex- 
tent^ though much less than the air, and this affords a 
condition of existence which cannot but be very influen- 
tial in determining the species which can exist at the ex- 
treme borders of the sea. But the amount of thi'< 
fluctuation diminishes very rapidly with the depth. 
Not so, however, another very important element of all 
life, viz., light The light which penetmtos to great 
depths is not merely much less in quantity, but ^'ely 
diflerent in its photo-chemical qualities, from the entire 
scjlar light of the surface, and this, though at prestmt 
are ignorant of the mode and laws of its agency cm the 
animal economy, we are very sure is an ejemont uf 
exceeding importance. The food, etc., afforded })\ 
submarine vegetatfon is different — the texture and 
constitution also of the sea-bed, as consisting of iin< t 
particles carried out far to sea, affects its qualify a 
nidus for habitation, so that we find the zonen fd‘ ha hi I 
able depth in the water to succeed one another with inr 
greater rapidity, and to be confined within far narrower 
limits than thosb of atmospheric altitude on Ixmd 
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(417.) Professor K Forbes, to whose researches we 
owe a very large portion of our knowledge of this part 
of natural history, has discriminated the zones of depth 
alfejted by marine animals into, Littoral, between 
high and low water-marks — a zone which might h priori, 
be expected to be very strongly characterised, as we 
find it to be, by species capable either of maintaining an 
a(‘.tive existence in air as well as water, such as crusta- 
oeous animals, crabs, etc„ of various families, or of such 
testacea and shell-less animals as close themselves up, 
nr seal themselves hermetically on the rocks, and remain 
dormant during the recess of the water, of which the 
jvatcUus, mytili, littorinas, purpuras, etc., and, among the 
zoophytes, the common sea anemone, afford examples: 

The “circumlittoral zone,” witR a depth from low- 
water mark to about 15 fathoms. 3d, The “median* 
zone," from 1 5 to 60 fathoms. Wi, The “ infra-median 
{uul oZ/n The abyssal zone,” the former from 50 to 100 
iatlioiiis, (he latter from thence to the lowest depth at 
wlii('h life is possible, which in some of tlie minuter 
would seem to include almost the lowest deeps 
that the sounding line has reached (see art 118). Each 
of those zones is characterised by species which belong 
to no other, and each passes into the other by the inter- 

* [And not in tlioaa alono. A npwards of 5 inches in dhun- 

b««ti lately brought up living from a (loptl|, of 1260 ^ithome by 
^ WaJlich at the mbttih of Baflfo V Bayd ^ 
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mixture of species common to several It would carry 
us quite beyond our limits to enumerate these, and 
without specific detail the mere enumeration would 
afford no instruction. Suffice it to observe^ th^ in 
these, as in other departments, proximity to the tropics 
carries with it increase in the number and variety of 
species and genera, greater development in size, form, 
and colour. The shells of the Indian Seas, and tlie 
Eastern Archipelago in particular, are prized not merely 
by the* zoologist as illustrative of animal organization, 
but by collectors for their exceeding beauty, brilliancy 
of colour, and elegance of form. It is in these seas 
that the pearl-fisheries are conducted, the true pearl 
oyster being confined to them, though pearls of inferior 
quality are produced also by a certain species of inytilur; : 
and Suetonius has recorded that Ca;sar*s first idea of 
invading Britain arose from the report of pearls being 
found on its coast {BrUamiam peHim margarUanm). 
The deptli, moreover, has quite as marked influence 
the colour of shells as the warmth of the u^ater on tlio 

I 

flavour of fish. Below the level, where light tau ]» ni 
trate copiously, the colour of shells wax faint and diluti . 
and even individuals of the san^ spedes taken at difiV- 
rent deptihsuxhMt a marked in their 

of c(doitr. oireamlittomt mK, it may he geueraU> 
fitiseiredr is t&it tl» >e6f4wijldiBg onuls (art, $7), of 
Btar>fishfiB, eid^^hes—Uie 
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medial of spoBges, corralines — the infra-medial of the 
deep-sea corals — and in particular, of the valued red 
corals of the Mediterranean. As respects all the zones, 
iUso,^it is remarked by Professor Forbes, that as we 
descend, the regions of depth characterised by the same 
s])eciea become of greater extent, wnd ths range of species 
(ill a hmzontal direction) wider. 

Distribution of Insects, — ^AU nature seems to 
swarm witli insect life; but here, as in all departments 
of natural liistory, we find fewer species inhabiting the 
.oldtir regions; and their maximum of development, 
bulk in variety, richness of ornament, and what may 
be termed intensity of gwdity^ is found in the hottest 
countries. There it is that the greatest singularity of 
ibnn and habit, the greatest pungency of bite, and every 
nth(‘T' mode of insect annoyance, are found in perfection. 
Tile only exception seems to be in the case of coleopter- 
ous insects, which arc specifically more abundant in 
truijvfnite climates. 

(U9.) Accordiag to Mrs. Somerville the rate of 
!uc)vase of insect life, in proceeding from either pole to 
tlH> c(|uatori is very various in different longitudes, 
Tiudr numtters are small in both rim polar r^ons — 
nunc abundaiJt in Tasmania and New South Wales 
-more so in Soutbom and Western Columbia, 
and a in has 

icwei* speciei t^ the siimiViatitode; and 



Ask is wapmi&vdj poor in spetkl^ in proportian 
to its great extent The honors of insect anno^ce in 
tbe swamps of the great rivers of tropical America an* 
vividly desodbed by Humboldt The air is one dena* 
cloud of poisonous insects to the height of 20 feet In 
Brazil the vivid colours and metallic brilliancy nf 
many of the beetles is extraordinary. Among the more 
i^emarkabic varietios of insect life deserve ial 
mention, 1^, the bees and ants. Of the former eudi 
country, has peculiar species ; but it is singular tliat 
the honey bee of North America has been introduce «1 
from Europe.* Tlie ants, of which the specie's ai* 
almost innumerable, are found chiefly in hot and dn 
climates, and are, perhaps, of all insects the most reinaik- 
able in their habits. The teniiite of tropical Africa bu di U 
pyramidal nests ten or twelve feet in height^ 
into chambers of elaborate stnicture. TJie white ant • t 
India devours everything of animal and vt'getable ciili’i 
ascending by covered galleries (for they cannot be«u 
light) to the sap of fumitun*, beams, etc. IJut p< ilhij 
the most singular species of all is that (>f the pani^ i 
ants of Trinidad, in the West Indies, which walk lu Inuu 
procession, each canydng a cut leaf over ifs hearl, as ,f 
parasol, in the sun, and these they deposit in hoh^s 1(» 

♦ We take thin fact on the report of Mrs. Sf>mfrvilie (i’Ai/v ,f 
p. 897), but is there not Bome mistake? At all the armili h * 

wiJd homy has, from^he earJiest aettkinent, Wn a feature of Ameit ai, 
forest life, but the indigenons spectea is, iK*rhaps, tintltmicstiVfthh* 



or 12 feet <^w&tly with no o&^r 

object' ^biii to fnott n ooa&rtable nest for a species 
of white intik^ vMch is inyaiud)l 7 found coiled up 
among iSiem on digging out the deposit (Mis. Car- 
luichael’s Dmestie Manners, ete. sk. in the West Indus, 
ii. 327). The scorpion extends in Europe to the north 
coiists of the Mediterranean, but is more abundant 
ill Africa, both north and south, where its bite has 
the singular pticuliarity, that, although excessively 
painful on the first occasion of its infliction, and even 
(langerons to life, the constitution becomes hardened 
to it, the sufferiug is less on every subsequent occasion, 
itiitl at length comes to be little regarded. Brazil pro- 
duces a scoiqMoa six inches in length. The locust, one 
of the most formidable scouiges in countries infested 
by it, migrates in such masses as^to darken the air 
ibr successive days, and when driven into the sea is 
>'unetime8 thrown upas banks on^he shore, poisoning 
lilt! air by their decomposition for many miles in length. 
Tlu y tire frequent in Syria and Barbary, '^hence they 
t H 'casinn.ally migrate to Italy, and within tins last summer 
( l.S'i.s) several individuals have even been taken, in Eng- 
laiitl, and one or two in London. They are even stud to 
( ross the Mozambique Channel from the African coast 
to Madagascar. 
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19 omposed^ we End in 
all tbe stiata po^gperly so called (exclndii^ thaiebygianitic 
and other igneous fonnations^ and the metamoipUc rocks 
in which the evidences of si ratification appear to Ix^ 
obliterated by partial fusion, or softening at least, by heat . 
either the actual harder exuvias, such as .shells, bum 
scales, etc^ or ‘impressions of the softer and more de5>tim - 


tihJo parts of animals, ami the remains of vegetabl< ^ 
siiicified or otherwise fossilized, ailbrdiug evidence oi ih^ 
abundant existence of oiganic life in every stage ut 
world’s history. It is only in the newest and most mi} w 
iicial strata, however, that we find imbedded the 
of any si>ecies, either animal or vegetable, now j j 
in a living state, and these consist almost exciu^iM*l \ t i 
the shells of marine and some fresli water mulluscit. As 
wo go deeper in the order of stratification, txiMinj 
species rapidly become rarer, existing genera Uon nut 
and wo find oui*seive8 very soon landed in an ui da 
things where the Fauna and llora have notlnng in 
common with the present, ow rather in a succef'^iun ui 
such (art. 11). 

(421.) The strata in which we find this gnitiuuiiv 
decreasing community of organic life with that now m 
existence, are those which lie wholly above the chalk for- 
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tiaiy, dtMT^ fl^Hne bets^ the eecondaiy 

deposits and thegrhave been satdividfid I7 

him ra^wm stages or epochs^ the Pleiocene, or that 
man mmly apprasimstiog (rXmw) to the present imo state 
(xam) ; the Meiooeae, or that leu recent (mmh*), or in 
which the number of species, common to them with the 
})n*sent epoch is less ; and Eocene (iuf), that in which, as 
it Were, only a davming of the present state is visible. 
I'lie upper of these three has been subdivided into older 
and fiercer pleiwene or pleistocene, that which approaches 
nearest, hy the abundance of fossilized species identical 
vs itli living ones, to the modem state. Now in these, if 
N\'(* reckon only the fossil shells as compared with those 
I 'ccnt, wc find, according to Sir C. Lyell, in the newest 
nr jdcistooene strata, nearly 96 per cent of recent, and 
only alKiut 4 per cent of extinct species; in the older 
]‘!cioccne, the recent species still predominate, varying 
iV.im 50 to 66 per cent of the whole number, while in 
\hv Meioceiie, the proj>ortion falls already as low as 18 
]M r cent, and in the Eocene does not exceed 3i. 


(422.) In the strata fomring under our ^eyes, in 
estuaries, lakes, and shoal dbposits, of course the remains 
' all existing animals and vegetables become imbedded ; 
but aln^ady in the Pleistocene strata an immense m«go- 
rity of the existing mammalia and bitds has disappeared, 
and those few species which can be id^tified with now 






f mw$9t at 
to Ftot^ 

pk$at(Ktoi€^ or in •Bone-cavem* in some tile older 
fonnotions still open to day, and which have torved as 
ikns for camiv(xr% or places of refuge for other animals 
during all that period which may have elapsed sij:t o 
those fonnations were raised above the ocean. It is in 
the Pleistocene and these Post-pleistocene beds tliat w*^ 
find the remains of a few terrestrial animals which }ui\ c 


become extinct during the present geological epoch, aii<i 
which either certainly have, or may reasonably be j>rc- 
sumed to have, been contemporary with man, such as 
the Dodo, and the Solitaire (art 401), the Deinornis ‘ l 
New Zealand (art. 402), six species of which have bern 
discovered, and Opyorais of Madagascar, second onl>' to 
the Deinornis in size, whe^ egg-shtll has be(?n found 
equal in bulk to six of that of the Ostrich, and w Incli 
has only recently become extinct. Such also are tln.M' 


remains of gigantic elephants (art. 220) preserved in n f 
in Siberia, the Mastodon of North America, Srh sliululv 


covered as to have been known to the aborigiiie^f, und t*. 
have given rise to obviously fabulous and mythologiral 
traditions of its contempor^ existence,* those gigan*i< 
Sloths of the Pampas of Brazil (art 238) and the id ;d[ 

• At Bigbon© Lick, in northern Kentucky, the miUnU 
stomach of the Ma«tadon Oiganteus ha?© beoti found, of or u«]h 

branches, leaves, an^ a Bpccics of reed now uiott known in VirjriciJi 
(Delabeche). 
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Elks ()Ck»^^||%ui6n») the Irish peat mosses, whi^ 
aie fottirit# DMidriy dep<Hnt8 just below th6 pest, 
where they would seem to have perished by becoming 
embogged, a group of eleven of their skeletons having on 
one occasion been discovered in a standing position, and 
without signs of violence. 

(+23.) If we take in the whole range of the tertiary 
fumations, we embrace nearly the total extent in time 
of tlie full dcvclopinont of Mammalian existence, as well 
as tliat of birds, though tlie latter would se*em (as might 
indeed be expected from their power of migration and 
readier escajic from destructive events, to take a some- 
w hat wider range through past time than the others. 
In the cretaceous strata we find no mammals, and only 
a few indistinct vestiges of one or two genera of birds. 
IteloAv tlie chalk in the Oolitic beds (art. 387 ) only two 
or three genera of Marsupial animals have been detected, 
and the footprints of birds even as low as the Permian 
series ; while, on the other hand, we find in the Eocene 
formations, enumemted by Prof, R Forbe^ 25 genera of 
niamiuals and 8 of birds; in the Itleiocene and Pleio- 
I ( IK', 81 genera of mammals, and many birds of-efisting 
genera, and in the Pleistooene and Post-pleistocene, no 
less llnin 88 extinct mammal generic forms, besides those 
still existing, and among the birds, many of the uow 
existing ^jccits. 

(+24.) I^e distribution of these eitinot forms over 
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the gbbe affords matter of highly interesting and iin- 
portanll imnarL A marked u>d almost conqdeto sepa* 
nttMn^hasta batwesa the fositfl Kanaas M the Old 
«Bd Anstnlia;^ other 

^h 4 to fluri) ccmditkm, tltt 
speoiaB vithim those limits appears to have hwi ntuch 
wider than it is at present And what is still more 
striking is the fact» that the ^rpes which» in their 
several divisions, are more especially characteristic nt 
them in the'recent epoch, or what is equally sii, tlit* 
absence of particular types, are found no less U> pr-v t»I 

in the fo^il Faunas, Thus Auhtralia ii» t h w- 

acterized (art 367) by the exclusive prevakni e il 
marsupial ty|K‘, which is altogether aWnt ni utlu 
parts of the Old World, and n‘presente<l only by u 
genus in the New. And in itn fossil Fauna we tintl . u 
equally striking prevalence of the same feingulani' 
According to Professor Owren, whose views in tlu> a’ld 
the following articles we adopt from the strikiinjf adiin -- 
ju’onounced by him from the chair of the lluti^ li m i- 
ation at Leeds, on {he foruiations of the moo 
tertiary periods, and in the limestone caverns of Aastial m. 
abundance of mamniulian fossils have l«^n fouii<l, 
empi a single t(toth of a nimlodm^ all of imuMipML 
Auioi^ them arc fossil kangaroos, potoroos, wumhat 
dasyuri, etc., equalling the lion and leopard in size, a 
wombat (phaseolomys gigas) equalling the tapir, ami 
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others of peculiar characters, rivalling the ox and rhino- 
ceros in bulL The skull of one of these great marsu- 
pials (tlrs notethmom) from the ** Darling Downs," 
presenti^ll^iibi^^ peeoUcldties seeift among 

locaUt 7 ^^i^iiittal»lde for two large and sbong tusks 
projecting lioriflonlallj, straight forward foom the lower 
jaw), is hardly less extroordinaiy. On the other hand 
Kurope, Asia, and Africa have not offered a single 
marsupial fossil in the pleiocene and pleisto^ne deposits, 
and those in Amedca are limited to the genus didelphis 


ropossura), «|>ecies of which at present exist there. In 

tlie ineiocone and eocene deposits, however, didelphidee 
are found both in France and England (from which it 
would seem reasonable enough to conclude that in 
tlu'se pt'riods a land communication existed between 


tlie continents). • 

(425.) The distinction between the fossil Faunas of 
America and the Old Continent is not less marked. “ All 
iht^ fossil remains of quadrumana in the Old World 
I'f loiig to the family (Catarhina), w'hfch is still exclusively 
inntined to that great division of dryland;” hut the 
(jnailmmanous fossils of the New World exhibit exdu- 
»ively platyrUse forma— those^ ia, of a fondly peculiar 
to iSouth Americt^ arnoog whidi Is one larger tiiaa any 
now knowu to esdsV fourid iri BraaL 

(426.) Soagauiof thecMnds. Theeafoelandcbomfr* 



374 


PHYSICAL CKOCKAPIIY. 


dary, the two European genera nf Hint family, are repre- 
sented in America by genera (the llamas aiul vi( iignas) 
characteristically distinct. And the fossil cam( Is of Asia 
are referable to the same type (camelus) as those there 
now existing while those of America belong to the llama 
type (anchcoia). 

giraffii and hippii^otanitia are at pt^nt 
African. FossO remains infenble In thcae fanA 
however, found in the pleiocene sfrata, both of Asia and 

e 

Europe, but none have been met with in the Kew W orld ; 
neither has any form of rhinoceros been discovered in its 
strata, though Euroi)e, which is now deprived of that 
form, anciently possessed several species, one destitute uf 
tlie nasal bom, and three provided with two u! th* s** 
weapons, one of these being fur-elad, adapting Ifiui f-r a 
cold climate. 

( 428 .) As regards the elephant ftiruily, tVte (m h? i- 
sfiraewhat different This family, aecf^rdiiig to Pioi; 
Otven, has W*n intw ‘‘eosmof^dilan’^ than uny ^ ! 

hoofed herhivorows ^ua/lrufMrd. Yet even luA- 
tmction between the Old and New World typr I ^ i,.* 
means obliterated. fe|W‘cialiy corrt*s|M>miih;4 I'n- 
representative of the elephant in America the 
don. Of elephants we have fta/w au African mi»l an 
Asiatic species, and no American, But wliile we liml 
in a fossil state ^ one North and two Siuith Aiuerican 
mastodons, and one elephant at kaijt, it appears that 
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ill ml ill- lliat number of species, both of clepliant and 
iiia.doJi'ii, all t-pecillcally distinct from each other and 
frmu the American, inhabited Europe during the pleio- 
(•(•iii; epoch. Of tlicsc elephants, the largest ever found, 
ivliich appears, by the only remaining bone, to have been 
of at least twice the Umot dimensions cf the large 
mastodon 

in tnakingan^iniyediiy^in tin Ytdley of IQbe Thames, 
at Grays, >n Eraex, thxoi^h the- upper, pleiocene. The 
skeleton, when found, was nearly complete, but was 
Woken up by the workmen, and sold as bone manure to 
a neighbouring farmer, one only metatarsal bone finding 
its way to our national collection ! In farther illustra- 
tiiiii of this wider range of the elephant family in past 
cpiK-hs, Professor Owen observes, that not only China (in 
wbii-h at present there are no elephants), but even 
•VustKilui (witness that single tooth before alluded to), 
bus furaishod evidence oPlihe fact 

(1-29.) Tlie distribution of fossils of the class of 
I u iifata furnishes additional evidence of the same laws. 
Till- )iuini.s or jrangolin of Asia an(f Africa corresponds 
ill South America to the ant^tem; and at present 
iii iiiicr does the one form exist in JEurppe nor the other 
m North America. In the European tmifaiy beds, how-* 

' vor, a large pangolin has been discovered, while the 
domain of the armadillDs and doths, as well as the aDt> 
eaters, in the same geological epodut is noyr ascertained 
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to have extended over North as well as South America, 
though still confined to that continent. Their present 
peculiar hahitaty however, Brazil ; and the neighbouring 
1 ‘egions of South America, were then, as now, the head- 
quarters of the family, the sloths being represented by 
the gigantic genera of megatherium, megalonyx, mylodon, 
etc., (of which the megalonyx, an animal as large as the 
rhinoceros, ranged at least as far north as Virginia), and 
the armadillos by the glyptodon, hoplophomus, pachy- 
theriura, chlainydotherium, etc. The rayiodon, an animal 
of the most enormous strength, and which probably lived 
by uprooting large trees and feeding on their branches, 
though found nc^r Buenos Ayres, was pix)bably floated 
down by the Parana or Uraguay ; but the glyptodon, 
which was discovered by the horse of a guucho striking 
his hoof through its huge carapace (Parish, A wi'\ 

etc., 222), must have lived and died on the s}>ot during 
the recent epoch. 

(430.) One of the most reniarkabie fc*aturcs of tlu* 
Mammalian fauna and birds itf tlitj tertiary w »rld i" 
gigantic size attairie*d by many of the Sinnul 

instances of this have been noticed in the precetling 
articles, and many more might be added; in partii uJar, 
the Deinotherium, the large.st of terrestrial mammals, a 
creature 18 feet long, witli two enormous tusks curv ing 
downwards from the extremity of the Imir jaw. This 
animal has been of wide distribution, during the 



FOSSIL OEOAKIC BEMAINS. 


37 / 


cene period, having been found in strata of that age at 
Eppelsheim, in Hesse-Darmstadt, in France, Switzerland, 
and the Sivalik Hills in India; several reasons exist 
why, supposing aU the species of a genus to have been 
at one time coeval, and to have ranged to the utmost 
extent to which the then existing impassable barriers 
restricted them, the larger species should have died out 
first, and the limits of the genus (especially it of non- 
luigmtory habits) have become restricted, In propor- 
tion to its bulk,” observes Prof. Owen, "is the difficulty 
i>f the contest which, as an organized whole, the indi- 
\ idual of such species has to maintan against the sur- 
rtuimling agencies, which are ever tending to dissolve 
tile vital bond, and subjugate the living matter to the 
ordinary chemical and physical forces. Any changes, 
ihorefore, iu such external agencies as a species may 
lijive been originally adapted to exist in, will militEte 
against that existence in a degree proportioned, perhaps, 
in a geometrical ratio, t>o the bulk of the species. If a 
dry season bo gradually prolonged, the large mammal 
will sufier from the drought sooner \han the smaU one; 
if such alterations of climate affect the quantity of vege- | 
tabic food, the bulky Herbivores will first feel the effects 
stinted nourishment. If new enemies be introduced, 
ihe laiger and conspicuous quadruped” (and we may 
^tate the more helpless birds, if provided with none tr 
miy rudimeutary wings) "wUl fell a prey, while the 
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smaller will conceal themselves and escape; smaller 
animals are also usually more prolific than larger ones. 
The actual presence, then, of small species of animals in 
countries where larger species of the same natural 
families formerly existed, is not the consequence of any 

gradual diminution of size of such species. 

The smaller and feebler animals have bent and accom- 
modated themselves to changes, which have destroyed 
the larger species.”— Trans, iv., p. 15. 

(431.) Bone Caves and Osseous Breccias . — Tlic caves 
noticed in art. 420 exist in great abundance over most 
parts of the world in which limestone, of whatever age, 
abounds (art. 197), and they are peculiarly important in 
respect of this inquiry, by reason of the vast abundaiUH* 
and vanety of fossil remains they contain of animals, 
which we may be assured inhabited the surface whih* 
they were open and accessible. .The most remarka]»h' 
of such caves in Britain, are the Kirkdale cave in Yttrl- 
shire, examined by the late Dr. Buckland, Kent's 111' 
near Torquay, the cave of Baviland or Goat’s Hole m ar 
Swansea, and that of Yoalra Bridge near Plymouth. In 
Belgium such caverns occur at Cheekier n^v In 

France we find the Grotto de Fouvent, and the eaverm. 
of Miallet near Anduze (dep. du Gartl) in dolornib?, tliai 
of Bize (dep. dc TAude), those near Lunel-viel (dep. du 
l^mult), and the Grotto dDsselles near Besan 9 on. in 
Germany a tract' of countr}^ nearly miles in extent 
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has bceu pointed out by Cuvier as full of such caves, 
and those of Gaylenreuth are particularly celebrated for 
the number of extinct bears, hytenas, etc., they have 
yielded, and for the singularly inaccessible situation (at 
present) of some of them. In Sicily several bone 
caverns have been examined within a few miles of 
Palermo. But perhaps those that have yielded the most 
striking results are the Brazilian bone caverns examined 
by ilr. Lund, and others which have been found full of 
those strange and wonderful forms whfch especially 
cliaracterize the South American fossil fauna, large 
Ainadillos, Glyptodons, Megatheria, Scalidotheria (nearly 
e( I nailing the rhinoceros in bulk), etc.; and those in 
^VellingioI^ Valley, 200 miles N.W. from Sydney in 
Australia, where were found the principal among those 
extinct marsupials above mentioned. 

(432.) In these bone caves, not unlrequently two Or 
thretj layem of bones, separated from each other by sta- 
laf'titic floorings, are found; and when this is the case, 
th(? up})e"' usually contains remains of living, or very 
rcctmtly extinct species, and not Seldom human skele- 
tons, But w^herever this has been the case, there has 
also been reason to conclude, from circumstantial evi- 
«1( lice, that the caves have been used as places of 
sepulture or of refuge; and though, in many instances, 
Hueh remains are doubtless of great antiquity (using the 
term os referring to human history)J &ere has never 



PHYSICAL GEOGEAPHY. 


been discovered any fossil human bone so embedded in 
even the most recent geological stratum^ other than the 
merest superficial alluvium, as to afford the slightest 
ground for believing the earth to have been inhabited 
by man during the epoch of its formation. On pene- 
trating through the stalactite beneath the first loose layer 
of bones, the species found in the lower be^s are usually 
found to belong to genera of earlier epochs. 

(433.) Not less remarkable than the accummulatioii 
of bones in caverns, is the frequent occurrence in all 
parts of the world of osseous breccias, or beds of bones 
either reduced to fragments or entire, cemented together 
by calcareous stalactite. Such are found in great abiui- 
dance all along the north coast of the Mediterranean — 
at Gibraltar, Montpellier, Nice, etc. Some of the Greek 
isles, too, as Cerigo, abound in such breccias, the bones 
from the latter being crushed and comininuted in tin* 
most extraordinary manner. To any one who ndltKls 
on the destructive effects of sudden inundations, in 
sweeping away and drifting together the di’owiied car- 
casses of tens or hundreds of thousands of animals (as 
recorded in the floods of the South American rivers), the 
causes of such accumulations will offer no difficulty. 

(434.) Among the Mammals of the earliest tertiars' 
or eocene period, the most remarkable are those dis~ 
covered by Cuvier in the Laenrstrine fomratious of i\w. 
Paris hasin, and especially in the gypsum quarries of 
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Montmartre, scarcely a block taken from which does 
not disclose some fragment of a fossil skeleton. Here, 
among extinct species of extinct genera^ we find the 
Paljeotherinm, Anoplotherium, Cheropotamus and Ada- 
pts, and among extinct species of genera still existing, 
bats, wolves, racoons, genettes, dormice, squirrels, and 
several birds, besides a small didelphis allied to the 
American opossum. The Deinotherium belonged to 
the Meiocene, and the Machairodon to that and the 
Pleiocenc, the latter being a genus of very wide distri- 
bution, species of it having been found at Buenos Ayres, 
in Britain, in France, in Germany, and in the Sivalik 
hills ill India. 

(435.) Among the fossils of the tertiary epochs, 
occur many reptiles, the most remarkable of which is 
the gigantic tortoise discovered in India by Messrs. 
Falconer and Cautley, the colossochclys ; but the greatest 
development of reptile life appears to have taken place 
during the deposition of the secondary strata. Thus, 
we find enumerated by Professor E Forbes, in the Cre- 
taceous formations, 8 genera of reptiles ; in the Oolitic 
and Wealden, including the lias, 24 ; and in t^e Triassic 
beds, 16. They extend, indeed, somewhat lower in the 
ocalc, as in the Permian members of the upper Palaeozoic 
iv>cks four genera are enumerated; ahd even below the 
coal, in the Bevonian strata, Wo genera are found among 
these animals. The most remwiadble are those ot. 
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thfi Saarian family, most of tlwa 
nished with paddles in lien of legs, and ma^ ol them 
marine (Enaliosauria). Among Umm occur several of 
gigantic dimensions or monstrons form, as the Moso- 
saurus of the upper chalk, near llfoestricht, a species 
allied to the monitor, 25 feet in length; the Hyheosaurus, 
of equal dimensions ; the Ichthyosaurus and Plesiosaunis 
of the Oolitd and Lias, and othere. In the Stonesfield 
slate occurs the .Mcgalosaurus an amphibious or land 
lizard, carnivorous like the crocodile, and from •tO to 
50 feet in length ; in the newer Oolite or Wealdeu, the 
still more gigantic but herbivorous iguanodon, vliieli, 
according to Dr. Mantell, attained 70 feet. In tlu* strata 
below the Lias, in the upper nxl sandstone, we tiud tliat 
extraordinary gigantic Batracliian, the Labyrintljodon, 
and the Cheirotheriura, whose footmarks only have 
been discovered. But the most singular reptile form of 
the whole series is that of the Pteroilactyl or flying 
lizard, with bat’s wings and crocodile jaws, fiiniislied 
with 60 pointed teeth, which first appeared in f he eiiedi 
of the Lias, and became e-vtinct in that of llie chalk, 
and of whicli .several species have been found. 

(4!36.) Comparatively few fossil serpmits iiave ln'cn 
discovered, and those only in the tertiary formaiioim - 
the Eocene deposits of England have afforded some of 
the laigest, forming two genera, Paheophis and Paleryx 
— the largest of which was equal in size to the largest 



FQ^Si omm<j 

boa coiistebtof day« Bxxm small snakes 

havabean ibimdin tbeMeiocene andPleicM^neforinatians 
of France* 

(437.) Among the fishes, no e3^tiiig genus is found 
below the chalk In the inferior chalk there is one liv- 
ing genus, Fistularia; in the true chalk, 6; in the 
tertiary strata of Monte Bolca, 39 living and 38 extinct, 
according to M. Agassiz, to whom we owe a system of 
classification of this order of vertebrata by their scales, 
a character peculiarly adapted to fossil fislT, of which fre- 
quently only the scales and a few of the harder bones 
remain, according to which they are divided into four 
great groups, Placoid, Ganoid, Ctenoid, and Cycloid.' 
Cf these four great families, the two latter are found only 
in the cretaceous and tertiary strata, and not a single 
si)ccios is of older date. In the cretaceous strata, they 
o(*cnr mixed mih species of the two former classes. 
The epoch when the chalk began to be deposited forms 
lliorefore o very decided break in the history of this 
( lass of animals. And again, of the two more ancient 
oi’ders, tlio Pidicozoic rocks contain almost exclusively 
tlu^ remains of that class of fishes knowa as hetero- 
( ( real, in which the upper lobe of the caudal fin is 
iinich more developed than the lower; while the 
secondary rocks contain the homocercal, in which the 
lobes are equal. 'The most remarkable deposits of 
fossil fishes are those of Ihe Monte Bolca limestone 
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near Verona-^the coal formti^ ol aaa%ii^ in U> 
raine^ the bituminous shale of Manafidd in Thuxingia, 
—the blue slate of Glaris, and the marl stones of 
Oeningen in Switzerland, and of Ak in Provence, and 
our own old red sandstone. The distribution of genem, 
according to Professor E Forbes, is as‘ follows Newer 
Tertiar}% 40 genera; Older Tertiary, 38; Cretaceous, 
61 ; Oolitic, 61 ; Triassic, 15 ; Permian, U ; Carboni- 
ferous, 31 ; Devonian, 43 ; and Silurian, 2. (?) 

(438.) The moHusca, from the durability of their 
shells, have left behind them almost a complete record 
of the ancient zoology of this class of aiiimalR. Their 
remains furuish the chief and most available practical 
means of determining the relati^’o ag<;‘s and order of 
superposition of strata, and are thus the main stay of 
geological science. As such, then, their study assumes 
a technical aspect, and can only be followed uj) in pro- 
fessedly geological works (see the article on that subject 
in the Encyclopsedia Britannica, and every geological 
treatise of note). The same evidence is allbrd'.'d of 
continual introduction of new genera and s])(jci(‘s, and 
dying out of old, as in every branch of zoology, ilie 
range, however, being far wider than in any before 
treated of. In fact, these, and the forms of radiatu 
and articulated animals and of zoophytes, occur as 
the first vestiges of animated existence in the earliest 
fossiliferous strata. As might be expected, from the 
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•greater of coii^itioii afforded in 

marine over terrestrial life»the families have been much 
more persistent than those of the higher organisms. 
Thus the lingula, a brachiopodous genus of the very 
cailiest Silurian epoch, has its generic representatives 
still living. The nautilus, a cephalopod of the older 
piiUeozoic series, has still its place among living 
genera. We have also natica, eulima, solarium, and 
t npulus among the gasteropoda, and cardium, mytilus, 
urea, isocanlia, avicula, and terebratula, among the 
ac(‘phalous molluscs ; while, on the other hand, some of 
the genera of earliest appearance (as ortlioceras, cyrto- 
eeras, i)liragmoceras, gomphoceras, and lituites) died out 
before the commencement of the secondary period. The 
ammonites^ a most extensive and characteristic genus of 
the secondary period, in like manner died out before its 
olose, as was also the case with the belemnitic, 
stMphytic, and turrilitic forms. This is the more 
remarkable in the case of the ammonites, as there is 
.s('arcely any generic form of organi|jed life which seems 
to hav(j luxuriated into so vast a variety of species. 
Bivalve's are rare in the older formations. 

(430.) Among the articulata, the trilobite, a form 
long since extinct, is highly characteristic of the earliest 
formations. They extend up to the carboniferous epocL 
Grustaceous animals gradually approaching recent forms 
commence from the oolitic and cretaceous epoch. In'- 
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sects are of compamtively rare occurrmce. Fossil* 
scorpions are recorded in the coal formation of Cliomle, 
in Bohemia. Among the radiated animals and zooi)hytt‘s 
(to which belong the very earliest vestiges of animated 
being) are a great variety of very remarkable and ex- 
quisitely beautiful formi^ those for instance>of the encri- 
nites, apiocnuitesy and actinomnites which have more 
resemblance to plants than animals^ whence their name 
of ** stone lilies.” They seem to have attained their maxi- 
mum in the carboniferous period The pentiwrinites of 
the lias are particularly bea&tiful. Sea urchins (echini) 
first appeared in the lias period, became abundant in the 
oolitic, continued so during the cretaceous ep(K:‘h,and inv 
still denizens of our seus. Corals and corullintis 
to every age in which limestones Jiavo been f<»rmed. 

Fossil Plants , — ^Thc lowest paheozoic stnta 
hibit indications of what may be taken tor sea-\\'ee{l and 
in the grauwacke strata (wliich belong to these and to 
the lower Devonian), fucoid plants occur almndant 1 y. *l n 
Pennsylvania a hundred layers of them have been found 
in a thickness of 20 feet (Buckland, Brui(fuy, Tr. i., 452), 
but it is not till the carboniferous p(iriod that fossil 
vegetation assumes any notable proportions. Tiiere., 
however, it stands forward in most singular and wonder- 
ful prominence^ as there is no doubt that the whole of 
the immense deposits of coal in every part of tiie world 
owe their origin entirely to the fossilization of veg^bks. 
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The most elaborate imitations of living foliage ” says 
Or. Bucklan<l, “upon the painted ceilings of Italian 
palaces, bear no comparison with the beauteous profusion 
<jf extinct v(^getable forms with which the galleries of the 
Bohemian coal mines are overhung. The roof is covered 
as with a canopy of gorgeous tapestry, enriched with 
festoons of most graceful flung in wild profusion 
over every part of its surface. • . . Trees of forms and 
characters now unknown, are presented to^the spectator 
almost in the beauty and vigour of their primeval life. 
Their scaly stems and bending branches, with their deli- 
cate foliage, are all spread before him, little impaired by 
tiu' lapse of countless ages” The plants thus wonderfully 
preserved are equisetaceie, ferns, mostly arborescent 
-indivaling the prevalence of a tropical climate and 
insular arraiigomout of the land), Tepidodendra, sigillaria, 
ciilaniit(‘s, and stigmaria, the lopidodendra offering a 
fraiisitional step between cryptogamous and flowering 
plants of liigh botanical interest Above the carboni- 
f i.uis siaacs the vegetation undergoes a great change. 

("yeadciP occur in abundance, associated with peculiar 

\ 

Ferns, but now coniferous plants, such as pines, drauca- 
rias, et(*., begin to appear in the lias and oolite; and it 
is singular that the genera in our own lias approximate 
rather to the recent species of the sou|^ern than the 
northern hemisphere. It is vrorthy of remark, that where 
the stumps of these trees are found rooted in strata now 
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inclined at a liigh angle to the horizon, the direc tion of 
the remaining portion of thcc stem is similarly inclined 
to the vertical. The pandanem, or screw pirns (now 
confined to the Indian arcliipelago and tropical I’acili. 
islands), are also found in our oolitic beds. 

(441.) In the tcrtiaiy' strata, the Dicotyledons assume 
nearly the same ratio to the Monocot yIedon.s as at jirc-seiit. 
and the greater number of fossil plants, though of extinct 
species, bear pinch resemblance to living geuenu ( iivat 
deposits of Brown Coal or lignite (as tiiose of Boole in 
Dorset, Bovey Ttaoi^ in Devmi^ is Birance, the 

Surturbrand beds in Iceland, and tihoss iai the banks of 
the Bhine), belong to the Eocene qpoeli^ tiima of Oeningen 
in Switzerland to the Meiocene. Independent of these, 
we find fossil palms in the British tertiary beds, and 
even the date and cdCoa-nut in the isle of Sliejijiey, as 
well as at Brussels, where also the fruit of the areea-nut is 
found fossil, but with abundant evidtsbice of having bren 
drifted thitboT by oceanic cumnts fmm a wamtr cliniutt'. 

(H2.) we approach the focent epochs thf- rt iuiiii.s 
of vegetables are afiserabled in iubimriiu suvh 

we find at Ilastings, on the emst of 8iiSvSe,x, aitd jiitift ti 
along the shores of western Europe, from Hcantlbiin iu to 
Spain and PottugaL They stretch sometimes inland 
undcar gravel 8|nds and days to a crmsidemMe distancf , 
usually on slopes dipping sli|^% In 

Baltic, trunks of oaks, pines, ate, the roots in tbdr 
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natural position, several layer.<s one above the other, and 
four or five foot under water, occur at Griefswald, in the 
island of Uscdom, and near Colberg. In the submarine 
forest of i\Iiiioliead, Somerset, the bones and antlers of 
tlio red dt‘i;r (w hicli are still found wild in Exmoor) are 
found among the still upright oak stumps. In one of 
tliose forests in South Wales, near the mouth of the 
Xeath river, among the stumps are' found footmarks of 
a gigantic species of ox in the clay, apparently of tlie 
Bos primigmius^” whose horns and skull have been 
discovmd near the spot 

(443.) A grat portion of ihe fossiiized plants wM 
occur in various parts of the world, ab found silicified, 
the v^etable matter having been, as it were, extracted 
molecule by molecule, and silex deposited in its place, 
and that without destroying the cells, fibres, and tissues of 
the oi'ganizatioD, whicli remains perfectly distinguishable 
under tlie microscope, in sections thin enough to be trans- 
parent Hie chemical or electro-chemical process by 
which tliis change has been accomplished, is ill under- 
wood. Whait^ver the nature of the process, it goes on, 
it were, under our eyes in siliceous springs ; in the 
Azores, where wood and reeds are found to become silici- 
lied : in the Geysers of Iceland; and even in the waters of 
certiiu streams not usually considered siliceous, as in the 
ease of Trdjanisi bridge, the piles of wMcl:^ still extant in 
the Danube, are externally converted into silex. But 
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other cases occur wlicre the mode of change is miK h 
more mysterious. Tims in the sand of tin* Isthmus c^t 
Suez, an immense abundance of silicified ^palin-trees 
makes its appearance, which would seam never to have 
tmdergone suhmeigence in waster* ' At 0|pr DoUendorf, 
on the Bhine, occurs a dqpcsit in 

which not only the living organizatioUi^of the wood is 
preserved, but when the wood has become decayed, 

and almost disintegrated by decomposition, the silicifying 

« 

process has arrested the progress of decay, and preseivod 
eveiy fibre in loose spiculw of most wonderful delicio 
and beauty. 

ETHXOi/xa'. 

(444.) Out limits oblige us to be veiy brief f n 
this part of our sutject, and in this we aeipii* > r 
the more readily — 1st, Becausij the read»*r will bud, 
under that heading, an elaborate article in aiudli.r 
part of this work;* and 2dly, Ikrause wliate^'er 
belongs to the scopo^of the preJXjnt essay, may l)e com- 
4 :>rised in a very small compass. And first, tlun. as to 
the date of the introdticUou of the human spirit s mi 
earth. So far as geological reseandi has hitin^ilo goiH*, 
there can hardly be said to be any ahmlvM 
proof men have been coeval with any one quadru- 
ped now extinct, qr any bird but the dodb and the soJi- 

* The Encyclopaedia Britaxmica— Bee the Intmlnctiou. 
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tjiinj or blue-bird, whose extinction is distinctly referable 
to his agency in times comparatively recent The 
geologist, however, needs not to be reminded that this 
admission leaves a margin wide enpngh for any, even the 
most intmj^m^tipns, of sacmd e^nolcgy or 

traditional 8dly, Ibat theimify^ 

species, as a matter of natural history, rests upon quite 
as valid physiological arguments as that in the ca^e of 
several other animals, of the dog, for instance, among quad- 
mpeds, or the domestic fowl among birds (to say nothing 
o{ tlie sheep and ox, in which the varieties are less marked), 
and in which the “races” are distinctly referable to the 
inliiu‘iice exercised by their domestication and amcmtion 
triih man; not only as to varieties of stature or form 
(wliiv'h go to an iulinitely greater extent than anything 
observable among different race; among men), but as 
to {li(} development of new and peculiar psychological 
*jiuililies.t Of all the merely physiological arguments 
which have been adduced in support of this unity, 
ihe most salisfactoiy^ seems to be that drawn from the 
identity of the period of gestation in all the races of 

^ [The Ule discoveries of flint Implements, mdisputabfy of human 
formation, in initncnae abundance in the gravel diluvium near Abbeville, 
and the careful investigation the subject has undergone, seem to have 
l>laced this statement beyond cavil, and to have rendered the co-existence 
of man with at least some of the most recently extinot quadrupeds very 
far from improbable.] 

t It is probabll'ibat the full vdue of the S%hani as an iktelUgir* 
servant of man has nevCi* been developed, owing to the neglect of all 
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iftankinA 4thly, That, nevertheless, the difference be- 
tween the human and all other species of animals is so 
vast, that it is impossible to ground a perfectly secure 
inductive argument on any such analogies. Our defini- 
tion of “species” breaks down ; and 5thly, That 
though we have absolutely no measure whatever, and 
cannot even conjecture what time or what number of 
gencfations would be required to convert the descend- 
ants of (say) a Georgian or a Circassian pair, establisheil 
in Congo or Guinea, and cut oif from all communication 
with the rest of mankind, into negroes, or vice versa ; wi* 
are very sure that the change would require an irninciis** 
period ; ;^d yet that such transfonnation, if it ever took 
place at all, must have taken place antecedent to ail 
history. Tlie negro was as much a negro in tlu^ tinit' 
r)f the Komans as at #the present day, T1k3 fur Iiair 
md blue eyes of tlie Germanic races were as imu h 
matter of general notoriety and contiust with the d;uk 
standard of South Italian beauty (ni^m oadk, nifpvqih' 
)Tine) in the days of Juvenal ♦ as now. If, ‘ihort {^o-, 
ve accept the idea of a single cnjation, and i*f the 
livergence of the human race ou the world froiu a 

fttional and persevering attempts to bmed m captivity. An l 
rejudico ban too long been mtffered io prevail »« to its , hn 

bia haa been dwtinctly (Improved, and t« now, -ae kdbve, ORpioJed 
rhe wonderful eagoetty and a&aish^iiUp of ibe Seal might render bitn 
most nsefttl and valoabl^ servant as a ^ 

^ CsmtU qnis stnpet German! InmiiMi, tavam Cmmm^ 
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centre ; since we must then make up our minds to accept 
with it whatever consequences, as to the great dura- 
tion of man's denizenship on earth, the existing diversity 
of races shall carry with it, we must not be surprised if 
those should be found who maintain that every trace of 
the primeval language has been totally obliterated in- 
definite ages ago, and that, whatever clue language may 
alford us in tracing out migrations and affiliations during 
the last few thousands of years, it can give us absolutely 
rioiK' towards the discovery of that poinfor that region 
oil tlui surfiice of our planet first inhabited by man. 
All that the division recognized by ethnologists of the 
(‘xisting population of the globe into three, or five, of 
mure races dilfering by marked peculiarities (a Caucasian 
or Aryan, a Mongolian and a Negro, or these with an 
American or Polynesian type),., can teach us is, that 
fcrliiin great districts, having certain features more or 
less inilueiitial in determining moral and physical habits, 
hav(i remamed for a sufficient number of ages in a state 
of compmntive insulation from each other. On this 
suhji^et we- must refer our readers emphatically to the 
great work of the laUj Dr. Pritchard oti“thd Natural 
flistorj’ of Man,” [and to the recent excellent article in 
the Hmm des dem Mondes on the Natural History of 
Mail, and the unity of the human species, by M. de 
Quatrefages]. 

We ciwuiot oonclude without aoknowledg- 
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ing our obligations to the authors of several valuable 
and excellent works on this veiy general subject wliich 
we have consulted, and which have furnished us with 
useful guidance, especially the Physical Atlas of ^Mr. 
Keith Johnston, a perfect treasure of compressed 
information; Mrs. Somerville’s "Physical Geography,” 
and the unpretending but most useful treatise on tlie 
same subject by Professor Ansted, in the " Manutil of 
Geographical Science,’’ To cite the special authorities 
from which w6 have drawn the great mass of our stat(’- 
ments, or to which the reader must be referred for further 
information, would be almost equivalent to giving a cata- 
logue raison^e of voyages, travels, and works on geolog) , 
geography, and natural history. 



APPENDIX. 


APPENDIX A. 

TABLE OF THE HEIGHTS OF MOUNTAINS. 

I. Mocntains op Europe. 

N R —Wheu tlie hcightn in this table differ from the text, the former arc to be 
preferred. (V) denotes an active volcano. 



Height in 


31()nnttvu)s of Euru{»e. | 

English 

feet. 

Country or District 

Blanc .... 

^15,744 

Sardinia.* 

Monte Ko.su . . 

18,161 

Sardinia. 

Ziiiu?U*inspitzo (Monte Ra<^), B . 

15,004 

Sardinia. 

Sij^nalku|HH? (Monte Eosa), B 

14,964 

Sardinia. 

Uuiii, B j 

14,935 

Sardinia. 

L>>k(unm, B . . . . ! 

14,889 

Sardinia. 

^lout Uervin (Matterhorn) , 

^4,836 

Sardinia. 

Wei!>4fthorn, B . . . . 

14,804 

Sardinia. 

'Loi^cherhoni, B . . . 

PiUTotspitze (M<mte Hohu), B . ; 

14,758 

Sardinia. 

14,577 

Sardinia. 

Blanche, B . , . 

14,322 

Sardinia.' 


* [Thia lf«t woe for the moat part made out before the ceMion of Nice and Savoy 
t o France. Sardinia ia retained oa tbe country or dittrlct,'* partly to avoid con* 
fiieion in comparing Utfa with the Uat in the Encyclopedia Britaimica, and partly 
by reason oif the dlthCttlty of determihiaf on which aide the new frontier Une 
several of the aunmUta injected actually It^ in the abatmee of very precise charts 
laid down Ibr the Fhtpoae. the halghta tna^^ed B bi% of >f»nt detenntnattogiJar ^ 
K. Betsni|)f, oldlidnie^ eommuni^^ to ua by Ball, Baq., M.P. J 
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^'11^' jV ' ' 4 V ’ * 



Liidwig8lid}ie,B 

r^sY 


Fmsteiaarhom 

14,0fi6 

Bwitzerland. 

Zwillkg^ («),B 

13^79 

Sardinia. 

Bothhom {Monmg)^ B 

13,852 

Sardinia. 

Alphnbel, B . . . . 

13,803 

Sardinia. 

Rimpfischhom, B . . . 

13,700 

Sardinia. 

Strahlhom, B .... 

13,780 

Sardinia. 

Jungfrau .... 

Dent D’HerciLs, B . 

13,716 

Swritzerlaml. 

13,714 

Sanliniiu 

(Breithom) * j 

13,703 

Sardinia. 

Monte Viso , . . . . 

13,509 

Sardinia, 

Grande Jorasse (Mt. Blanc) 

13,496 

Sanbiiia. 

Pic ties Ecrins or Ar&inos (Mont 
Pelvoux) . . . . ' 

13,467 

Franc**. 

Aiguille Verte (Mt, Blanc). . \ 

13,432 

.Stinlinia. 

Zwillinge (n), B . . . 

13,432 

S^inliiij t 

Schreckhom .... 

13,307 1 

Swit/t ilaii'l 

Ober Gabelhum 

13,366 

Sinimia 

Mt. Iserau (La Levanna) . 

13,272 1 

hsudmia. 

Aiguille du Geant (ilt. Blanc) . 

13,099 

Siinlmia. 

Oertler Spitz (Monte CrisUllo) , t 

12,822 

TjtoL 

1 Klein-Matterhom, B . . ‘ 

12.740 

SiinUnia 

Cima di Jazzi, B . . . 1 

12,527 

Sardinia 

Gross Glockner . .12,431? 

Au'vtria. 

Tete Blanche, B j 

12,3U7 

Sarfiini i 

Trifthom, B . ! 

12,261 

Sardinia. 

Mulha9en . . 1 

11,661 

Siiain. * 

Stockhom, B . * 

11,595 

Sanbnia. 

Pico do Veleta ... ^ 

11,398? 

Spain. 

La Manuolata . 

11,350 

Tyrol 

Malabite . . . ‘11,168 

Pyrciio(‘- 

Unter Gabelbom, B . 

11,149 

Satdiuia. 

Grand Rioburct . . . , 

11,063? 

Aat«tri,i, 


* By a barometrical meaBurement m 1821 by the author fThe v^int aai < ii<l* d 
was probably the Brelthoni, the local guides canptoyed belag for the most pait 
ignorant of the true designations of the peaks. In the Bat printed in the Biu } rlo 
Britannlca thit«umh&t is called the KIdne Ifloni Cervtn, nhich is nearly 
lOOO feet lower.] 
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Coontiy orl>btaict’ 

Mont Perdu v , . ’ 

10,994 

Pyrenees, 

MuscheUiom . . . 

10,948? 

lyioL 

Cylinder of Mal>ur4 . , . 

10,897 

P^enees. 

Etn»(V)* .... 

10,872 

Sicily. 

Maladetta 

10,866 

Pyrenees. 

! Vignemale 

10,820 

Pyreneea. 

j liosentrift, B ^ . 

10,603 

Sardinia. 

! Sierra de Grodo 

10,562 

Spain. 

S llochspitze .... 

10,330 

Vorarlberg. 

i I)n*v}ierm Spitz . . t 

10,122 

Austria. 

Muiite Coma (Gran Sasso d’Italia)t 

10,144 

Apennines. 

Mt. U>u't 

10,112? 

Sardinia. 

Shamil 'IVigh .... 

10,000 

Eur. Turkey. 

Iviisha Povano .... 

9,912 

E. Carpathians. 

Olvinpus ill Eur<.»pc . 

9,740 

Thessaly. 

(Ini'S Kitgl .... 

0,700? 

Carinthia. 

Monir Sail to .... 

9,628 

Greece. 

.\tl. BmIoK.*h .... 

9,694 

Transylvania. 

Mt. Surrui .... 

9,593 

E. Carpathians. 

I’ic du Midi .... 

9,439 

Pyrenees. 

Mt. Torglou .... 

^9,366 

Austria. 

Mt. Butschetje .... 

Mt. Lcgiione .... 

9,256 

9,206 

Transylvania. 

(‘iina d'Asta .... 

9,194 

Tyrol. 

(.‘niigou 

9,138 

Pyrenees. j 

, Mlo. Aniam di Majolla 

9,113 

Apennines. 

' Muiiiit Kf>m .... 

9,000? 

^,874 

Illyria. 

; (Jrejit Balkan (Ilaemus) 

Balkan Mts. 

! Lomiiitzer Spitz (Tatra Oroupe) . 

8,862 

N. Carpathians. 

j Monte Ilotondo 

8,767 

Corsica,. 

i Monte d’Oro .... 

8,701 

Corsica. * 

j Mt . Tatra .... 

6,524 

Jir. Carpathians. 

! Mt. Tomavactts . . . ' 

8,500? 

Spain. 

Mt. Kesmark (Tatra Groupe) 

8,600? 

Hungary. 


* By ft baromettidta in 1^4 by . 

t Schouw mftkftft thft Monte Cotno WSl leet This |wt» probable. T* 1« 
aimciUt to credit^ eMfttftnce of sutbmlti tven bo lofty •» 9 ^' fbet In the Apen* 
nine range. 






398 


AFFENDIX. 







table of heights of mountains. 


899 



Aetschej. 

Mont Mewii • 

Monte Amiatn. « • 

Mount Helicon 
Delphi ... * 

Sierra d’Estrella 
Mont Lozere . 

Puy Mary . • 

Riesekoppe 
IVechselsberg . 

I Mt. HuBsoko . 

! Sclineekoppe . 

1 Pay de Violan . 

' KiisbtTji . . . • 

Mt. Adfljit 
, Tsoliatir Uagh . 

Moldcrskin 
( iruss Arber^^ . 

Puy de Dome . 

Sclnief-bci^^ 

! P>allon des Vosi^en . • 
Fiddbcrg (Schwa rtzwald) . 

; Rndclumberg (Scliwartzwidd) 

I Racludberg Bohmerwald . 
j Ml. Ce-loue (Kyllone ?) 

I lk‘U Nevis 
Lviigun ^klountuins . 

Ben IHrtCilui 

Kiuuiukoppel (Schwartzwald) 
Caini Tout (Abenleen) 

Ptiy dc Longchamp . 

Puy de Come . 

Kandelbeig (Schwartzwald) 
Sonneiiwerbel (Brzgebiige) 
Cuim Gorm 
Puy de Pariou . 

Puy de Clieison 


.6,990 

6,794 

6,794 

6,738 

6,726 

5,678 

6,535 

6,435 

5,394 

5,352 

5,328 

5,376 

5,229 

5,215? 

5,145 

5,000 

4,961 

4,859 

4,832 

4,807 

• 4,784 

4,688 

4,675 

4,642 

4,561 

4 , 600 ? 

4,406 

45300 

4,296 

4,266 

4,226 

4,190 

4,173 

4,160 

4,124 

4,090 

4 , 01*3 

3,992 


Ooontry or District 


Atistm. 

France. 

Tuacany. 

Greece. 

Greece. 
Portugal. 
CentMd France. 
Central France. 
Qennany. 
Styria. 

Moravia. 
Bohemia. 
Central France. 

Sw’eden. 

Crimea. 

Bohemia. 

Scandinavia. 

Bavaria. 

i Central France. 
Riesengebirze. 
France. 
Germany. 
Germany. 

I Gennany. 

I Greece, 
Scotland. 
Scandinavia. 
Scotland. 
Germany. 
Scotland.' 
Central France. 
Central France. 
Germany. 
Gennany. 
S^Uand. 
Central France. 
Central France. 
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Ben Lawera 
Vesuvius (V)* . 

Puy de Chopine 

Mt. Eryx .... 

Mte. Somma . 

Ben Avon (Aberdeen) 

Grand Sarcouy . 

Brocken (Hartz) 

Sierra de Foya (Algarve) . 
Mt. Eona. 

Snowdon . *. . . 

Scheballioiit . 

Steinberg (jVforavia) . 

Cairn Llewellen 
Sebneeberg (Fichtelgebirge) 
Mte. Cuccio (Palermo) t . 
Ben Wyvis 

Curran or Cairn Tual (Kerry) 
Hymettus 

Gross Bier (Tliuringia) 
Cuchullin (Skye) . ^ . 

Ben Lomond . 

Ben More (Mull) 

Mte. Cavo (Campagna) 
Helvellyn (Cumberland) . 
Skiddaw (Cumberland) 

Cader Idris 

Chicciola (V) (StroroboPi} . 
(>(3Rs Fell (Cumberland) . 
Sliebb Donard . 

Gross Feldberg (T.auiius) . 
Blessberg (Tlmringia) 

Clieviofc .... 
Ooniftton Fell (LancasluTe) 

Nepbin (SfayoJ 


Height in 
English 
feet. 

Country or District. 

3,984 

Scotland. 

3,922 

Italy. 

3,910 

Central France. 

3,894 

Sicily. 

3,869 

Italy. 

3,821 

Scotland. 

3,79.9 

Central France. 

3,740 

Germany. 

3,609 

Portugal. j 

3,593 

Shetland. j 

3,590 

N. Wales. 

3,547 

Scotbind. 

3,511 

Gerrnanv. 

3,471 

N. Wales. , 

3,461 

Germany. i 

3,435 

Sicily. j 

3,422 

Scotland. | 

3,405 

Ireland. i 

3,378 

Greece. i 

3,301 

Gemumy. ! 

3,242 

Hebrides. i 

3,192 

Scotland. ; 

3,1H5 

Hebride.. 

3,1.30 

Italy. 

3,115 

England, : 

3,0.58 

Enu'land, 

2, 9.5.9 1 

N. \vvi<'s. : 

2,957 j 

Jiijwjri Llmds. 

2,028 ! 

England. 

2,788 

Ireland. 

2,775 

Gt'Muujiy, ' 

2.74S 

Germany. j 

2,r>B9 

Meglund. ; 

2,640 

Fvigland. ) 

2,638 

Waai i 


* By a barometrical measurement by tbe author. 

+ We follow the Anauaire <lu Bnrtaa (Jet 
} By a barometrical nmaaaiiMBent by the autlmr, June 33, tS24. 
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Mountains of Europe. 

Height in 
English 
feet. 

Country or District. 

Mome Mountains (Down) . 

2,493 

Ireland. 

, Schunner Fell (ITorkshire) 

2,348 

England. 

Soracte (Sorretto) 

2,271? 

Italy. 

Skaling Fell (Stromoe) 

2,172 

Feroe Islands. 

Ben More (South Uist) 

2,036 

Hebrides. 

j Ldwenberg (Siebengebirge) 

2,024 

Germany. 

1 Hecla (South Uist) . 

1,992 

Hebrides. 

1 Mt. Ronas (Shetland) 

1,475 

Scotland. 

! Gibraltar .... 

1,439? 

Spain. 

; Volcano Island (V) . 

1,304 

Lipari Islands. 

Valdai Mountains (culm.) . 

1,100 

il^ussia. 

1 Arthur’s Seat (Edinburgh) 

822 

Scotland. 


2. — Mountains of Asia. 


Mountains of Asia. 


DHodungfl or Cliiiigo-Pamari 
Kiiichiiijuiiga (W. peak) . 

(E. peak) . 

J)wa]agiri 

Xandudevi 

duwalur .... 
Jiunnotri, 

Jimmii . 

Setghur .... 
Daibbun . 

(b^aaaiu Tluiu . 

Khabru .... 
(Jhumalari 

Momonaiigli or Gurla 
WobV8Pofl*,No,U , 
Powhumri or Doakiah Lah 


Height in 
English 
feet 

Country or District, 

'!)6,002 

Nepal. 

28,178 

Sikkim. 

27,826 

Sikkim. 

26,861* 

Nepal. 

26,749 

Himalaya. 

25,669 

Kemaon. 

25,660 

Nepal. 

25^313 

Sikkim. 

26,261 

Nepal. 

24,740 

Nepal. ^ 

, 24,700 

Himalaya. 

24,006 

Sikkim. 

23,929 

Thibet 

23,610 

Thibet. 

1 23)263 

i HimaUiya« 


23,176 


SikMm. 


* We follow title Annualre dti B. dee Ia K. Johnston makes it 27,000. 

s 2 
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Houstiimiof Afia. 

Ibot 

Country or District 

WeWsPeakjNaS. 

22,833 

Himalaya. 

Api 

22,799 

Nepal. « 

Webb’s Peak, No. 23 

22,727 

Himalaya. 

St. Pjitrick . 

22,638 

Himalaya. 

St. George . 

22,500 

Himalaya. | 

No.l3. 

22,313 

Himalaya. 1 

No. 25 . 

22,277 

Himalaya. j 

Kanchangow .... 

22,000 

Sikkim. ' 

JowTiili ..... 

21,940 

Kemaon. 1 

/ Zwillinge .... 

21,600 

East Himulay;’,. 

Demawend (y\ 

21,500* 

Persia. 

Ganguiitri Pyramid . 

21,219 

Himalaya. 

Kailas ..... 

21,000 

Tlubet. 

Hindu Kob (Smniuit N. of Cabul) 

20,232 

Affgbanbtau. 

Bolor Mountains 

19,000 


Elbruz 

18,493 

Caucasus. 

Kohibaba .... 

! 17,905 

kUndu KIk*. 

Ararat (Agridagb) . 

! 17,112 

Persia, 

Kasbek. 

! 16,532 

Cauca.sus. 

Klieutschewsk (V) . 

i 15,763 

Kamscbatkii. 

Savalan . . . ? . 

1 15,750 

Cauca.sian , 

Argajus (Argi.sch Taiigb) . 

13,197t 

Asia Min(»r. 

Opalinski (V), 51. 21. N. . 

12,000 

Kamsf'liiUka. 

Jebel el Makniel 

12,000 

Syria. 

Uschinskaia (V) . . . 

i 11,721 

Kamscluitka. 

Koria.skaia (V) . 

1 11,210 

Kamscliatka, • 

Belouka ..... 

11,062 

Altai, j 

Takt-i-Suleiman ... 

11,000 

Aff^ianistan. 

Tangnou Mountains (On]>sa lii vor) 

11,000 

i Central Asia. 

Kronozkaia (V) . . . 

10,609 

Kamscliaika. 

Scbiwelutscb (V) . . . 

'10,544 

Kamscliatka. 

Hermon . ... 

10,000 

Sj’Tia. 

TauruB (culminating point) 

9,800 

Asia Minor. 


* Set down in Encyclopjedia Brltannica H,fld5. Hnmboldt (Koemos, iv, SHtO 
makes Demawend more than 19,000 feet Mr. Tbomson and Lord Sehoraberg Kerr 
are said to have determined its height by recent barometrtcia measurement at 21,500 
feet— (rimes Newapaper). HI Khamikoifs trigonometric mfwurures corroborate this 
recxJiu 

, i Humboldt makes It 12,600. We follow Mm. Somerville. 



TABUS or SmmB limsmiKs. 


Monntotaiiof Alts. 

RrestowBkaia . 

LibanuB . 

Um Shomah . 
Jupanowa (V) . 

Awatecha or Gorelaia (V) 
Dodabetta Peak 
Horeb 

Kiidiakad Peak 
Bevoy])ctta Peak 
ilurkurti 

Davei-solabetta Peak . 
Kiindab , 

Tulbulschu-skaia (V) . 
i Poworotiioi (V) 

■ Kuiuliuuaya 
; Sinai 

; WiJjutschiiiHkaia (\T 
1 Utiicamiuid Peak 
Tamburbetta Peak . 

I Hokulbetta Peak 
j Bonasson 
! Urbetta . 
j Kodanad. 

Jebul Ser])al . 
Wilutschinpkaia (V) . 
Davebetta 
Kotagiri * 

Kundabettx 
Olyuipus in Asia 
Diirihutti 
Ciinnr . 

Tandiamolc 
Piipugiri . 

Koni^ofsky Kameii 
Tremel or Ireniel 
Mount Abu 
Constantinow Kamen 
Jatara . , . 


Knglteh CormtzT ox; District 
fiaei 

9.692 Kamscbatka. 
9,617? Syria. 

9,300 Syria. 

9,055 Kamscbatka. 
8,910 Kamscbatka. 

8.760 Nilgberi Mta. 

8.693 Syria. 

8,502 Nilgberi Mts. 
8,488 Nilgberi Mts. 
8,402 Nilgberi Mts. 
8,380 Nilgberi Mts. 
8,353 Nilgberi Mts. 
8,313 Elamscbatka. 
7,931 Kamscbatka. 
7,816 Nilgberi Mts. 
7,498 Syria. 

7,373 Kamscbatka. 
7,361 Nilgberi Mts. 
7,292 Nilgberi Mts. 
7,267 Nilgberi Mts. 

7.000 Western Gbauts. 
6,915 Nilgberi Mts. 
6,815 Nilgberi Mts. 

6.760 Syria. 

6,746 Kamscbatka. 
6,671 Nilgberi Mts. 
6,571 Nilgberi Mts. 
6,655 Nilgberi Mts. 
6,332 Asia Minor. 

6,330 Nilgben Mts. 
6,886 Nilgberi Mts. 

. 6,781 Western Gbauts. 

6,682 Western Gbauts. 
6,397 Ural 
6,076 Ural. 

6.000 ArayuUi M^ 

. 6,060 UraL 

4,800 Affgbanistan. | 
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AFFEtmaoci 


Mountains of Asia. 


Counti^ or District 

Mahabuleshwar 

Purundar . . • • 

Singhur 

/ Hiurecliuuclerrmxui • 

1 Taganai ..... 

4,700 

4,472 

4,162 

3,894 

3,592 

Western Ghauts. 
Western Ghauts. 
Weatern Ghauts. 
Western Ghauts, i 
Ural 


3. — ilOUSTAtSS OF AFRICA AXD THE AtLAKTIC IsLAAU.S. 


Mountains of Africa and the Atlantic Islands. 

Height in 
English 

Country or District. 


feet. 


Kilimanjaro .... 

20,000 

Equatorial Afric.a. 

Mount Woso, 6^ 30' N. . 

16,350 

Ethiopia. 

Mount Dajan, 13^ 15' N. . 

15,740 

Etliiopia. 

Abba Jarrat, 13° 10' N. . 

15,008 

Abyssinia. 

Geesh 

15,000? 

Abyssinia. 

Buahat, 13° 12' N. . 

14,362 

Abyssinia. 

Mont Fatra, 10° 42' N. ^ 

14,350 

Abyssinia. 

Cameroon Mountains 

13,000 

Biglit of liialia. 

Pico de Teyde (V) (TeneriiiVj 

12,205 

Canary Isliinds. 

Atlas (Miltsin) .... 

11,400 

Moro(“.c(x 

Lamalmon .... 

11,200? 

Abyssinia, 

Fez Mountains . . . . 

10,000? 

Morocco. 

Cliahorra (V) (TeneriiiV) . 

9,885 

Caiiaiy , 

Peak of Fogo (V) . . . 

9,152 

Ca]H5 VertU' N. 1 

Peak of St. Antonio . * . 

8,815 

Cape Vord(^ Is. | 

Gondai* Muuntains . 

8,450? 

Abyssinia. ! 

Tristan d’Acunlia (V) 

8,236 

T. d’Acuulia | 

Taranta ..... 

7,800? 

Abyssinia. 1 

Pico de Cruz (Palma) 

7,730 

Ciuiaries. ; 

Pico (Peak of Azores) 

7,613* 

( St. MicbaeVs. j 
( Azores. 

Trigo .... 

7,400? 

Canaries. 

Blue Mountains (cuUninalion of) 

i 7,277f' 

Jamaica. 


* Keith Johnston makes this mountain 7808 feet. We £o1h>w Humboldt, 
t Keith Johnston gives 6000. We follow the Aimuaire idu B. des Itoug. 
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Mountains of Africa and the Atiantic IsUmds. 

Heift^t in 
English 
feet 

Country or District 

Montano del Cobre . 

6,890 

Cuba. 

Beerenbeig .... 

6,874 

Jan Mayen’s Is. 

Los Rexas (Qt. Can.) . 

6,400 

Canaries. 

Momo Diablotin (V). 

6,076 

Dominica. 

Pico Riiivo .... 

6,059 

Maxleira. 

ifount Cliaco .... 

6,000 

Hayti. 

Oraefa Joknl (V) . . . 

8,927 

Iceland. 

Evafialla(V) .... 

5,685 

Iceland. 

Hecla (V) . . . . 

5,117* 

Iceland. 

Siiaefell Joknl .... 

5,112 

Iceland. 

Mome Garon .... 
Sonffriore (Gnadalonpe) 

5,007t 

4,867t 

St. Vincents. 

Monbij'iie Pelde or Carbet . 

4,432§ 

Martinique. 

Alto Gmona (Goniera Is.) . 

4,400 

Canaries. 

: Swartz Spitz (Pte. Noire) . 

4,399 

Spitzbeigen. 

Mount Pamaasns 

3,917 

Spitzbeigen. 

San Anton (Ferro) . 

3,907 

Canaries. 

Table Mtiuntain 

3,816 

Cape of G. Hope. 

Mount Misery (St. Kitts) . 

3,720 

Antilles, 

Pico d(} Vara (St. Micliaels) 

3,570 

Azores. 

C^ildeira do S. Barbara (Terceira) 

3,500 

Azores. 

Pifo de S. Jorge 

3,498 

Azores. 

Morra Gordo (Flores) 

3,087 

Azores. 

Asses’ Ears (Fnentaventura) 

2,770 

Canaries. 

Diana’s Peak .... 

2,692? 

St. Helena. 

(..’aldeim de Corvo . 

2,460 

Azores. 

Lion’s Heed .... 

^166? 

r,920 

Cape of Q. Hope. 

Santa Lucia (\^ . . . 

Antilles. 

Mount Esk (¥)••• 

1,600 

Jan Mayfn Is. 

Aforiie Rouge (V) (Granada) 

640 

AntiRes. * 


* The Aimuatre makes Hocla only 8314. Wc follow HamlMldt. 
t Mro. Somerville makes Mt. Garon only 4870. We follow Keith Johnston, 
t According to St. Clair Deville. K, Johnston makes It 6110. 
ft Dupnger makes this mountain 4706 feet high. We follow Keith Johnstoh. 
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Al’PENDIX. 


4. — ^Mountains of America. 


■ 

Mountains of America. 

Height in 
English 
fitet. 

Country or District. 

Aconcagua .... 

23,910 

Chile. 

Sahama (V) . . . . 

22,360 

Pent 

Parinacota .... 

22,030 

Peru. 

Tupungato .... 

22,010 

CMe. 

Gualatieri .... 


Pseru." 

Pomarape , . 

S1,7C0 

jrattL 

Chimborazo . . . . j 

21,424 

BqnfttorifilAnde&j 

Soiate . * . . . 

21,288 

Bolhian Andes. 

Ilimane 

21,148 

BoUvian Andes. ; 

Chaquibamba .... 

21,000 

Bolivian Andes. 

Viejo 

20,500 

Pern. 

Concae 

20,386 

Chile. 

Chachacomani .... 

20,355 

Bolivian Andes. 1 

Huaina (Poto.si) 

20,260 

Bolivian Andts. 

Angel Peak (ik 10. .S.^ , 

20, U 5 

Bolivian Aii«li'.«. 

Chipicani . . . , 

19,745 

Peru. 

Charcani (V) . . | 

19,708? 

. Peru. 

' Cojambe . | 

19,635 

Equatorial 

La Meeada . . . . 1 

19,356 

Bolivian 

Antisana (V) . . j 

19,137 

Quito. 

iiierra de Santa Marta j 

19,000 

Venezuel.i. 

Cotopaxi (V) . . 1 

18,877 

Equ."4orial Anl'v. 

Arequipa (V) . . . 1 

18,876? 

Peru. 

Quenula, 17. 41. S . ^ . , j 

18,765 

Peru.’' 

Nevado of Anaclaclie . j 

18,500 

i Pern, 

Cacaca, lb. 25, S. . 

1 18,210 

; Ikdiviun AiidfM. 

Tolima 

18,120 

* Quito. 

Cololo 

17,930 

Bolivian Andes. 

Orizaba (V) or CitlaUcjiell 

17,879 

Mexico. 

Mount St. Elias* 

17,850? 

N. W. America. 

Popocatepetl (V) . . , 

17,726 

Mexico. 

Maypu . 

1 7,644 

Chile. 

Apa Cunaranu 

17,690 

Peru. ! 


According to Captain Denbam, Mount 8t Eliaa is only 14,968 feci in height 
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Mountains of America. 

Height in 
P^nglish 

Country or District. 


feet. 


Vilcanota .... 

17,525 

Peru. ^ 



17,380 

Equatorial Andes. 

Saiigay (V) or Macafi 

17,124 

Quito. 

Parac6 (V) . . . . 

17,006 

N. Granada. 

Mount Hooker (Rocky Mountains) 

16,730? 

N. W. America. 

Chorolque .... 

16,560 

Bovilian Andes. 

Tungnragua (V) . . . 

16,491 

Quito. 

Sinchula^a . . . . 

16,434 

Quito* 

Cerra de Potocd . 

16,158 

jl^livian Andes. 

Miiiquiri .... 

16,100 

Bolivian And^ 

Dona Ana Peak 

16,070 

Bolivian Andes. 

Nevado de la Vinda . 

16,000 

Peru. 

XJvinas 

16,000 

Bolivian Andes. 

Mount Murchison (Devil’s Peak) 

16,000 

N. W. America. 

Blount Brown (Rocky Mounhiius) 

16,990 

N. W. America. 

Pichincha (V) • 

15,923 

Quito. 

Iztacihuatl (V). 

15,706 

Mexico. 

i Carguainizo .... 

15,673 

Quito. 

1 Cumhal (V) . 

15,680 

Quito. 

Mt. 8t. Helens (Cjiswide Mounteiiis) 

16,60o 

; N. W. America. 

1 Mount Hood {( 'ascade Mountains) * 

15,500 

N. W. America. 

' Sierra Nevada . 

15,170 

Mexico. 

: T<»hu*a. (V) ... . 

15,168 

Mexico. 

: Tu])un-^»ate (V) .... 

15,100 

Chile. 

Apia ex’) .... 

15j000 

Guatemala. 

1 (‘orro (li Buen T<'m])o 

14,710 

N. W. America. 

j de las Litaiuas 

14,500 

Bolivian Andes. 

i Tuelioeaio .... 

13^656 


i Fremont’s Peak, Rocky Mountains 

13,668 

N. W. America. 

1 Paste 

13,460 

Quito. ^ . 

i Monte <le Aiupo 

13,460 


j (’^>pe do Perote 

13,416 

Mexico. 

j Amilpas, 16. 10. N. 

13,160 

Guatemala. 

I Colima (V) . . . . 

13,003 

Mexico. 

i Tuquer^ (V) . 

12,821 

Los Pastos. 

Atitlan (V) . . , . 

18,606 

Guatemala. 

Mont Regnier (V) . 

12,325 

( Cascade ®\in- 
1 tains, N. W. A. 
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appendix. 


Mountains of ^iiaerica. 

Height in 
English 
feet . 

Country or Distru-t. 

Mcjimt Taylor . * *'• 


/ Rocky Moun> 
\ tafea, N. W. A. 

HamatL (V) 60. N. . 

12,066 

i 4itterica. 

riT.OW; America. 

Wrangell’s Volcano . 

12,064 

{ Ooijtennine R. 

Cerro de Azusco 

12,052? 

Mexico. 

Irasu (V. de Cartage) 

11,478 

Guatemala. 

St. Nicolaus, 60. 40. N. . 

11,270 

N. W. America 

Pico de Tancitaro * 

10,498? 

Mexico. 

Orosce or Papagajo . 

9,976 

Guatemala. 

Votos (V) . . . . 

9,848 

Guatemala. 

Viejo (V) . . . . 

9,600 

Guattiinala. 

/ Cascade Moun- 

Mount Pitt or Laiighliii . 

9,549 

( taiii.-j, N. 1V.A. 

Antuco (V) ... . 

8,916 

Chile. 

sola de Caracciis 

6,600 

Venezuela. 
j IWky Mi,>uu-, 

Mount Aquarius 

s,.526 

( tain.=«, N. W’. A. 

Vanteles (V) . 

■‘=',030 

Patagonia. 

Minchinmadeva (V) . ! 

6,000 

Patagonia. 

Sierra de Guayraima 

7,qoo 

Venezuela. 

Osomo or Lanquihue (\^' . 

7,549 

Chile. 

Corcobado (V) . 

7,510 

PaUgonia. 

Congrehoy Peak 

7,462 

llondur.js. 

Roraiina 

7,450 

Guiaha. : 

MeUmoya .... 

7,400 

Patag(^ni.t, i 

Duida* . . . • . 

7,140 

Venezuela, j 

Mount Omoa .... 

7,000 

Houdiira.*?. 

Mount Sanriieiito 

6,910 

Terra del ' 

Mount Darwin 

6,800 

Terra del P'uugu. . 

Mount Washington . 

6,428 

j Appalochiim 

1 Mts., N. A, 1 

Mount Stokes .... 

6,400 

Patagonia. 1 

White Mountains, Massachusetts 

6,2301 

N. AihcricB, IJ.S.j 

Mount Werner. 

6,000? 

East Greenland. | 


* Mrs. Bomenrille iDakes Duida 8380 faet. We follow Keith Johnaton, 
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Mountains of America. 

Height in 
English 
feet. 

Country or District. 

BlaaBerk 

Itamhe 

Monnt Adams . ^ . 

Mount Jeffismoh 

Sierra de Hadade . 

Mount Bconej 

Itacolumi . . 

High Peak (Adironbeck) . 

Mount Katahdin 

Itabiia 

Monte Giganta 

Jorullo (^ . . . . 

i Mount Buckland 
j Cockscomb Mountain 
' Monte del Diablo 

Sierra Ventana 

Kfuitskill Mountains 
; Mount Jacinto, 57. 1. N, . 
Guanacaure .... 

m 

3I()unt Edgecumbc, 57, 3. N. . 

Izalco . 

(^osigiiina (S’) * 

■\[uunt Bridgeman (V) 

a 6,0001 

5,960 

5,960 

5^60 

5,830 

5,800 

5,760 

6,467 

5,360 

6,260 

4,600 

4,265 

4,060 

4.000 
3,672 
3,500 
3,464? 

3.000 
3,000 

2,920 

2,132 

1,000 

400 

East Greenland.^ 
BcaziL 

Appalachian Mts. 
Appalachian Mts. 
Bia^ 

Patagonia. 

Brazil. 

( Adironbeck 

1 Mts., N.A. 

Maine,U.S.,N.A. 

PraziL 

California. 

Mexico, 

Terra del Fuego. 
Honduras. 
SacramentoRiver. 
Buenos Ayres, 
New York, UJ3. 
N. America. 
Guatemala. 

/ Lazarus Island, 

1 N.W.A. 

Central America. 
Guatemala. 

South Shetland. 


5. — Mountains of Polynesia, Auitralia, and Pacific 
Islands. 




Mountains of Polynesia, Australia, and 
Pacific Islands. 

Height in 
English 
feet. 

Singalang (V) . 

16,000 

Mowna (V) 

13,961 

Mount TJerror , . . . 

13,884 


Country or Distriot. 


Sumatra. 

Sandwich Isis. ! 
South Victoria. I 


* Keith Johueton Bssigns 1500 feet for the height of Indoo or Soiisonste. We 
IbUoir Humboldt. 


T 
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I MonsWMomgiM^A^ 

w 


I 

1 

13.840 

Sunialift. 

* Mowna Roa (V) . . . 

13,758 

Sondwieh Ms. 

Merapi (V) . . . . 

13,300 

Suiitatta* \ 

Mount Erebus (V) , 

13,366 

Sontlr Victoria 

Rindjani (V) . . . 

13,363 

SuDda idanda. 

Tobreonou .... 

13,250 

Otaheita 

Semeru Gunong (V) , 

12,235 

Java 

Fuai-no-yama (V) . . . 

12,443 

Japan. 

Sesaiga (V) ... . 

12,000 

Solomon Islands. 

Alaid (V) . . . . j 

12,000 

Kurile Islands 

Gunong Dempo/V) . . . j 

12,000 

Sumatra 

Mount Ambotismene 

11,506 

Madagascar. j 

Gunong Slamat ox Tegal (V) 

11,116 

Java 

Giuumg Aidjuno (V) 

11,030 

Java 

Smnbg^ or Sundlng 

11,028 

Java 

Mount Luse .... 

11,000 

Sumatra 

Mowna Wororai or Huabii (Y) . 

10,790 

Owybee. 

Gunong Lavu (V) . . . 

10,727 

Java 

Walierung (V) . 

10,300 

Java 

Merbabu (V) . . . . 

10,220 

Java 

Gunong Raon (V) . . 

10,180 

Java 

Sindoro (V) ... . 

9,880 

Java. 

Qedee (V) . . . . 

9,850 

Java. 

Merapi (V) . . . . 

9,708 

Java 

Mount Edgecumbe . 

9,630 

New Zealand. | 

Sehischaldinskoi (V) . 

8,953 

Aleutian Inlands. * 

Mount Egmont 

8,840 

New Zealand. 

Gunong Api (V) . , 

8,800 

Sumatra 

Gunong Tengger (V) 

8,700 

Java 

Lconbock Island (V) . 

8,688 

Sunda Islands. 

Wielis (V) . . . . 

8,480 

Java 

Mount Pedrotallagalla 

8,280 

Ceylon. 

Tcheimai (V) . 

8,280 

Java. i 

Bourbon Mauid (culm.) (V) 

8,001 

Indian Ocean. 

Patuba (V) . , . . 

7,907 

Java I 

Bukit .Tunggul (V) . 

7,800 

Java I 

Tondffpro (V) . . 

7,600* 

Sumbawa ! 


* Humboldt makes Tomboro only SSiSS foot 
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Adam’s Peak . 

Sulek (V) . . . 

Ungara^(V) . 

Papandjam (V) 

Dasar ^ . 

Klut(V). 

Mount Koschinsko . 
Pogronmoi (V) 

Taiuban I^ahu (V) 

Agimg (V) . . . 

Tougararoro 

Wayang (V) . . . 

Tilu (S) , 

Mount Seaview 
Tombak-rnyung (V) . 
bljem or Taschem (V) 
Guuong Lama Lama (V) . 
Jfount Lindsay, 28. 20. S. 

13 uriingrang (V) 

Suinbung (V) . 

Mount Himiboldt 
lk*E Lomond , 

Mount Diirgal . 

Till ay a Boda (V) 
Makutschinskaia (V) . 

Langle .... 
Guiiong Lamongan (V) 
Golgotha tV) . . 

Volcano of East Sitkin (V) 
Atka Island (V) 

Cradle Mountain 
Mount Ganoblos 
Sarytschew (V) Matua Island 
M ount Wellington . 


7,480* 

Ceylon. 

7,804 

Java. 

7,100 

Java. 

7,039 

Java. 

7,034 

Java. 

7,000 

Java. 

6,600 

Australia. 

6,600 

Aleutian Islands. 

6,427 

Java. 

6,400 

Java. 

6,200 

^ew Zealand. 

6,149 

Java. 

6,062 

Java. 

6,000 

NewSouth Wales. 

5,896 

Java. 

6,800 

Java. 

6,765t 

Temate. 

6,700 

Australia. 

5,690 

Java. 

6,682 

Java. 

6,620 

Y.Diemen’sLand. 

6,502 

V. Diemen’s Land. 

6,490 

NewSouth Wales. 

5,490 

Java. 

6,474 

Aleutian Islands. 

6,350 

Japan. 

6,339 

Java. 

9,2j93 

Java. 

5,036 

Aleutitm Elands. 

4,862 

Aleutian Mands. 

4,700 

y.Diemen’sLahd. 

4,610 

New South Wales. 

4,506 

Kurile Islands. 

4,195 

Y.Diemen’sliand. 

4,144 

Java. 1 


! Tchikuia (V) 

* Mm. SonsrvtUe sets aown Adam's Peak aa 615S. We DdBow Keitii JUtnaton. 
t As Biated tuy: Humboldt. Keith Jobtutoo aeta ddka ^e Voleano ot Temate 
Island at 4098 feet<7 II same). 
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APPIIIDIX, 


IToantaiBS of Polynesia, Australia, and 
PacUo iBknda 


"'Mount Mitchell 
'Wun 2 en (V) 

Mount Phmabax 
Mount Arrowsmitli . 
Mount Bathurst 
Valentine Peak 
Ben Nevis 
Mount Arthur . 

Kirauia . 

Mount Bturt 
Mount Adine 
Narhorough (V) 

Mount George . 

Mount York . 

Ringitt (V) 

Akutan 

Squall or Sugarloaf Hill 
. Mount Blaxiand 
Mount Tomah , 

Saddle Hill , 

Strzlecki Peak . 

Mount Hundawar 
Mount Munro . 

Mount Hay 
Stony Hill 
Coc^too Hill . 

Mount Wilson . 

Mount St. Patrick * 
Assuncion (V) . 

Gunung Api (V) 

Barren Island (V) 
Agatshagak (V) 

Mount Herschel 
Kosima (V) 


Height in 

Country or District. 

fMt 


4,120 

New South Wales. 

4,110 

Japan. 

4,100 

NewSouthWales. 

4,076 

V. Diemen’s Land. 

4,000 

NewSouthWales. 

4,000 

V. Diemen’s Land. 

3,910 

V. Diemen’s Land. 

3,900 

V. Diemen’s Land. 

3,870 

Owyhee. 

3,736 

NewSouthWales. 

3,726 

NewSouthWales. 

3,720 

Galapagos Islands. 

3,620 

New South W ales. ! 

3,440 

NewSouthWales.) 

3,400« 

Java. • ! 

3,332 

Aleutian Islands. ' 

3,288 

NewSouthWales.’ 

3,256 

New South W ales. ' 

3,240 

NewSoulliWale.s.j 

3,001 

NewSouthWales. ! 

2,550 

Flinders’ Island, j 

2,545 

N ew South W ales, j 

2,500 

Bass’s Strait. 

2,425 

N ew South 

2,400 

New South W ales. 

2,356 

N e w South Wal es. 

2,350 

New Si>uth W aJ es 

2,227 

V. Diemen’s Land. 

2,096 

Mariana Islands. 

1,948 

Banda Island. 

1,700 

Sunda Islands. 

1,602 

Aleutian Islands. 

1,200 

V. Diemen’s Land. 

746 

Japan Islands. 


* Aecording to Keith Johnston. Hninboildt mahea it 2345 only. 
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APPENDIX R 


Lengths, etc., op the Principal Rivers op the World. 


N.B.— 0. S. G. B. R. are used as contractions of the words Ocean, Sea, Gulf, 
Bay, River. 


j 

! 

j Name of River. 

1 

j 

1- 

Length in 

Area of River basin in 
thousands of square 
Geographical mUes. 

Sea, Lake, or River into 
which it flows. 

Statute 

miles. 

Geogra- 

phical 

miles. 

1 

1 Albany . 

644 

660 


Atlantic Ocean. 

1 AmazouorMaranoh 

3545 

3080 

1512 

Atlantic Ocean. 

j Annir 

2739 

2380 

583 

Sea of Japan. 

j Anatlir , 

4601 

400? 

63 

S. of Kamschatka. 

1 Arkansaw J 

1840 

1599 

... 

To Mississippi. 


2370 

2727 

. . . 

To the Sea. 

1 CbiirclibOl 

976 

848. 

► 74 

Hudson’s Bay. 

1 Colorado . 

921 

800 

170 

Gulf of Califomia. 

j Columbia . 

1665 

1360 

194 

Pacific Ocean. 

Coimecticut 

310 

270 

8 

Atlantic Ocean. 

Danubo . 

1722 

1496 

234 

Euxine Sea. 

Delaware . 

304 

265 

9 

Atlantic Ocean. 

Dnieper . 

1243 

1080 

170 

Euxine Sea. 

Dniester . . 

505 

440 

23 

Euxine Sea. 

Don. 

1104 

960 

fts 

Sea of Azof. 

Douro 

605 

440 

29 

Atlantic Oeemn 

Dima 

644 

660 

33 

Baltic Sea. 

Dwiiia 

1041 

864 

106 

White Sea. i 

Ebro 

483 

420 

26 

Mediterranean S. 

Elbe 

787 

684 

42 

Qennan Ocean. 

Essequibo.. 

483 

420 

62 

Atlantic Ocean. 

Euphrates. 

1716 

1492 

196 

Persian Gulf. 

Forth 

120 

104 

. . . 

German Oo^. 

1 Francisco, St . 

1661 

1400 

187 

Atlantic Ocean. 

i Gambia . 

700 

608 

901 

Atlantic Ocean. 
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< J^ame of River. 

Length in 

Area of Biver basto is 
thousands of square 
Geographical MUes. 

Sea, Lake, or River iut( 
which it flows. 

Statute 

Miles. 

Geogra- 

phical 

Miles. 

Ganges 

1933 

1680 

432* 

Bay of Bengal. 

Garonne . 

368 

320 

24 

Bay of Biscay. 

Gihon or Amu . 

1611 

1400 

194 

Sea of Aral. 

Glommen . 

340 

296 

. . . 

German Ocean. 

Godavery . 

861 

748 

93 

Bay of Bengal. 


830 

725 


To tbe Ganges. 

vrvgra . 

1440 

1250 


To tbe Sea. 

Guadalquiver . 

299 

260 

15 

Atlantic Ocean. 

Guadiana . 

483 

420 

19 

Atlantic Ocean. 

Hoang-bo 

2624 

2280 

537 

Pacific Ocean. 

Humber . 

190 

165 


German Ocean. 

TlliTiniQ J 

500 

434 


To Missisiiippi 11. 


1360 

1241 


To tbe Sea. 

1 Indigirka . 

1045 

908 

86 

Arctic Ocean. 

1 Indus 

2256 

1960 

312 

Arabian Sea,. 

j Irawadi . 

2532 

2290 

331t 

Indian Ocean. 

1 Jordan 

104 

90 


Dead Sea. 

1 Jumna . / 

780 

898 


To Ganges. 

! y 

1550 

1783 


To Sea. 

Katanga . 

442 

384 


Bay of Katanga. 

Kistna 

791 

688 

82 

Iky of Bengai. 

Kolyma . 

921 

800 

107 

Arctic Ocean. 

Kour 

736 

640 

65 

Caspian Sea. 

Lawrence, St. . 

2072 

1800 

298 

G. St. Lawrence. 

Lena . . 

2762 

2400 

594 

Arctic Ocean. 

Loire 

698 

620 

34 

Bay of Biscay. 

Mackenzie 

2440 

2120 

442 

Arctic Ocean. 

Magdalena 

983 

828 

72 

Caribbean Sea, 

Maritza . 

320 

278 


Buxine Sea. 

Maykan or Mek ong 

2417 

2100 

f A •f* 1 

China Sea. 

Menam 

1182 

940 


Gulf of Siam. 


* ThlB in,<'4ndes the baaln of the Braluriaputra,. 
t Incliiding the basin of the Marthbaa Elver. 

I The joint basin of both rivera 
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Name of Biver. 

1 Length in 

rer basin in 

1 of square 
leal Miles. 

Sea, Lake, or river into 
which it flows. ^ 

,_| 

Statute 

Milee. 

Geogra- 

phical 

Mllea. 

Ip 

Jilinho 

221 

192 

12 

Atlantic Ocean. ] 

Mississippi 

1930 

1677 


Gulf of Mexico, 

1 

2310 

2008 


To the Mississippi. 

3i.is^oiin • A 

4096 

3660 

982* 

To Sea. 

Motagua . 

299 

260 

7 

Gulf of Honduras. 

NerbuJda 

760 

660 

. . . 

Arabian Sea. 

Neva 

606 

440 

67 

Gulf of Finland, i 

Nieiiieu . 

529 

460 

32 

Baltic Sea. ' 

Niger 

1010 

878 

? 

Atlantic Ocean, j 

Nile 

2578 

2240 

620 

Mediterranean S, j 

Obi . 

2670 

2320 

925 

G. of Obi, Arctic 0. 

Odor 

552 

480 

39 

Baltic Sea. | 

/ 11 J-V f 

1200 

1043 


To the Mississippi, i 

UlllO . < 

2270 

1973 


To the Sea. 

01»*iiek 

1161 

1000 

77 

Arctic Ocean. 

Orinoco . 

1666 

136^ 

252 

Atlantic Ocean. 

Oural 

771 

670 

1 83 

I Caspian Sea. 

i> i 

.1133 

984 

... 

To Parana River. 

!‘iiragiiay , < 

1864 

1620 


To the Sea. 


1500 

1304 


To the La Plata R. 

V 

I’aniiia . < 

2266 

1968 


To the Sea. 

Piiranaliyba 

867 

744 

115 

Atlantic Ocean. 

Petchoi-fv . 

690 

600 

49 

Arctic Ocean. 

Piasiua . 

449 

390 

• 

Arctic Ocean. 

Plata, La . 

2210 

1920 

186 

Atlantic Ocean. 


967 

840 


To Parana feiyer. i 

Piicomayo ^ 

1871 

1626 

. . • 

To the Sea. 

Po . 

406 

352 

30 

Adriatic Sea. 

Potomac . 

410 

367 

, . , 

Atlantic Ocean. 

l^egel 

115 

100 

6 

Baltic Sea. 


620 

638 

. . . 

To Danube Biver. 

1 mtii , < 

740 

643 


To the Sea. 


* The Joint baaia of the whole Hiasisaippi-Miasourl ilver systeu. 




Eed River | 

1600 

1293 


To Mississippi R. 

1800 

1564 

. . . 

To the Sea. 

Rhine 

690 

600 

65 

German Ocean. 

Rhone 

644 

.560 

28 

Gulf of Lyons. 

Rio del Norte, or ) 
Bravo . / 

2138 

1840 

180 

Gulf of Mexico. 

829 

720 


Parana River. 

Salado . < 

1119 

972 


Sea. 

Saskatchewan . 

1915 

1664 

360 

Hudson’s Bay. 

Scheldt . 

180 

156 


German Ocean. 

Seine 

391 

340 

23 

British Channel. 

Senegal . 

960 

834 

? 

Atlantic Ocean. 

Severn 

Sir or Sihon 

240 

1390 

191 

1208 

237 

Sea of Aral. 

Susquehanna . 

630 

547 


Atlantic Ocean. 

Tagus 

552 

4^0 

22 

Atlantic Ocean. 

Tarim Eigeugol 

940 

816 

177 

Lake of Loh. 

Tay. 

120 

104 


North Sea. 

Tchekiang 

1105 

960 

99 

China Sea. 

ThaluainorMar- | 
tahan . j 

Thames . 

2152 

1870 

* 

Indian Ocean. 

220 

191 

5 

British Channel. 

Tigris 1 

1010 

878 


ToEuplirates River. 

110(/ 

956 


To the Sea. 

Tocantins . 

1289 

1120 

285 

Atlantic Ocean. 

Tonquin . 

652 

480 

92? 

Gulf of Tonquin. 

Vardoc 

270 

235 


Medit. Archipfd. 

Vistula . 

598 

520 

57 

Baltic Sea. i 

Volga 

2762 

2400 

397 

Caspian Sea. ! 

Weser 

322 

280 

13 

I 

Vana 

483 

420 


Arctic Ocean. ; 

iTangti^Hang . 

3314 

2880 

548 

Paeiho Ocean. ; 

fenesm . 

3^22 

2800 

7B6 

Arctic Ocean. : 


* The basin of t!ie Uuftalwn is included in i^l of the Imvadi. 
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N. /;. '~The references are to the articles as numbered consecutively, and not to the pages. 
H. stands for mountain, L. for lake, 1. for island, V. for volcano, 

MM. for mountain ranges, II. for groupe of islands, etc. 


Ah^uinia, 178; its table lands, 
'l87. 

Acid, Carbonic, springs, 199; 
hydrosulphuric, boracic, ibid. 

Acorngm, M, 143. 

Adimihfck, MM, 1.52. 

Africa, its area and extent of 
coast line, 101; mountain 
system, 167, 187; river sys- 
tem.s, 231, ct tq,; botanical 
regions and flora, 356, 367, 
368, 376; fauna, 386, 406; 
progressive desiccation of cen- 
tral, 232; horizontal strata of 
S.,187. • 

Agmii, his classification of fossil 

• fishes, 437. 

Jyt&j V., extinct, 126. 

Aidoi, L, 139. 

dtVy, on tides and waves, 79; 
his table of velocities of waves, 
80 . 

186. 

Alaham, pine batrens of, S41. 

AIM, L. 127. 

299. 


AUan, MM., 186; snow level 
on the, 203. 

Aldemq, race of, 71. 

Akutim, IL, 127, 130. 

Alga, see Marine Vegetation. 

Alkghaniet, MM., 166, 156, 167. 
formations, 113. 

dipt, Cottian, Pennine, Scan- 
dinian, Julian, Camic, Dinaric, 
Such, 168; Maritime, 170; 
their general character, 171; 
geological features, 172; snows 
and gladers, 204; rivets rising 
in, 217, 218; snow level, 
2(^9; flora, 355. 

Altai, MM., 186; snow level on, 
203, 222; flora of, 366. 

Almim, Almmm^ its abun- 
dance, 297. 

Amum, B., tieshens the sea, 21; 
its botes, 76; cause of, Ac, 
209; silvas of, see Silvas. 

Ammea, area and extent of coast 
line, ^01; mountaiihi^Btemof 
south, 143, 144, 158-161; of 
OenttaI,160;ofN.W.,161;of 
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NJL, 166 ; liver qrstems of 
206; its vast water com- 
mtmicatioiis, 208; rivers of 
211 ; prairies and savan- 
241; dimate of N., its 
cold region, 257; reason of 
its extreme cold, 268; North, 
botanical ^ons of, 357, i358, 
359; Oentral do*, 369, 370; 
South do., 371-376; fossils, 
their contrast with those of 
the Old World, 425; fossil 
camels of, 426. 

AmpwniteSj 438. 

Amuy R., 222. 

Amur^ R., 229, 230. 

Analysis of sea water, 29. 

AnavolOy submarine fresh springs 
of, 27. 

Anderssenj his account of meteoric 
iron in S. Africa, 306. 

AndWjMM., VV., 130; their pro- 
gressive elevation, 132; line 
of traced and most remarks 
able peaks of, 143, et seg.; 
eastward slope of, 148; mean 
elevation of 149; snow level, 
203; earthquakes of, 281; 
silver mines of, 315; chain 
of, identical species of plants 
along, 340; North Ame|;ican 
continuation, 151, seg. 
\m 7 mlSy distribution and cls^si- 
fication of, 382, et seq,; re- 
stricted localities of some 
species, 383 ; extinct, 383; 
number of species of each 
class known, 385; successive 
races of, 11. 

\rdmaknU?.^ shells of at, bottom 
of sea, 42; in chalk and 
nummulite, 118; beds of still 


in progress, thek ^pid 

Lieut, sledge ekeur 
sioBs on the frozen ocean, 91. 

Antarctic ocean, its ice, 97; voy 
age of Sir J. Ross, tlid. 

Antimony f ite gisements, 308 
319. 

Antioehf great earthquake at 
302. 

Ants, 419. 

Apallachtans, MM., 155, 156 
213; infested with eeirth- 
quakes, 283. 

Apennines, 'bOi,, 170; contimn^l 
through Sicily into Africa, 
167 ; their highest suiiinut, 
170. 

Aphides, 119. 

Apitres, cataracts of, 2 1 0. 

Apufimac, R., 209. 

Arabia, cause of aridity of, 273; 
its mountains, 178; want of 
rivers, 227; floi'a of, 366. 

Aracan, 228. 

Araffuayi R., 209. 

Aral sea, 137, 222. 

Ararat, lA.,, 176; snow level on, 
203. 

Araucaria, 347. 

Aramlli, MM. 225. ' 

Area, superficial of tlie (uirth, 5; 
of each of the continents, 101 ; - 
of drainage — basins of rivers, 
sec Appendix B., and each 
river mminatm; of the Alps, 
172; of Arabia, 178; of 
Plah'nu of Iran, 179; of 
deserts of Gobi and Shamo, 
186; of the lake-feeders of 
the St. Lawrence, 193; of 
alpine snow, 204. 
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ArM their ph^omena, 
90) el ieq.; their flora) 961) 
352) 354; ocean, its depth) 39; 
number of birds iii) 397. 

Arequipas, V., 144. 

Argillaceous, strata, 302. 

A rgmts, M., or Argiach-tagh, 172; 
its siiow-line, 203. 

Arhansait, R,, hot springs near, 
198; its course, 213. 

Arnuidillos, 388. 

Armenia, its plateau and moun- 
tains, 176. 

Anenic, where found, 308, 323. 

Artkulata, 385; fossil, 439. 

Arve, R., source of, 197. 

A>^censwn, I, 74, 76. 

Asferagh, MM., 186. 

Ashes, volcanic transported to 
greiit distances, 160; beds of 
at bottom of sea, 42. 

A da, its area and extent of coast 
line, 101; moimtain systems, 
174-186; river systems, 220- 
230; table-lands, 176, see Pla- 
teaus ; climate of, how affected 
by its mountain chains, 268 ; 
botanical regions of and flora, 
354, 365, 366, 360, 361, 362; 
binls of, 396; reptiles, 404; 
fossil remains peculiar, 181; 
cold regions of, 265, 183, 226. 

'Assam, 181. 

Astrachm, its climate, 269. 

Akhefalaya, raft of, 106. 

Athalmsca, L., 215. 

Athvtmn, his travels in Siberia, 
127, 186; account of hot 
springs at Yakutsk, 198;' of 
Siberian hurricanes, 280; of 
Sibermn vegetation, 360; of 
the wild beasts of S., 384. 


Atlantic ocean, speciflc gravity of 
water in, 20; depth invaiiouB 
Regions, 35, 38; its bed 
covered with minute shells, 
.36; its tides, 73, 8eq»; mean 

. depth thence concluded, 80; 
icebergs of, 94, 95. 

Atlas, 187. 

Atmmphe're, general constitution, 
tot^ mass, weight in pounds, 
16. 

Atolls, 87. 

Atures, cataracts of, 210. 

Aurora borealis in polar regions, 
99 ; its range of maximum 
development, 100 a. 

Australia, area of, 101 ; nature 
and extent of coast, moun- 
tain system of, 188; river 
do., 234 ; vegetation, 377 ; 
fauna, 386, 387, 388, 392, 
396, 399, 402, 403, 404, 
405. 

Huveravie, its extinct volcanoes, 
125, 168. 

Axis of the earth’s rotation per- 
manent, 8. 

Ayzac, V., extinct crater of, 125. 

Azof, Sea of, 216 ; its specific 
gravity, 22. 

Azorse, 125, 356. 

Baehe (Prof.), his determination 
of the mean depth of the 
Pacific, 40. N 

Bacou, flames seen running over 
the hills at, 201. 

Baden, its sulphureous springs, 
199. 

Bafifis Itay, depth of;*d9 ; star- 
fish brought up from a great 
depth in, 416. 
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BaffwreSf hot springs of, 198. 

BcJirein pearl fisheries, 178. 

JBahr~el abiad, 231. 

Baiisilf L., 116, 186, 220, 225, 
262, 384. 

Bal/our (Dr.), his enumeration of 
l^tonical species, 341. 

Balkan, M., 169, 171 ; flora of, 
355. 

Baltic Sea, 218 ; its specific 
gravity, 22 ; depth, 38 ; gra- 
dual shallowing and probable 
future obliteration, 185. 

Baobale, 345. 

Bars of harbours, ll)5. 

Bareges, hot springs at, 198. 

Barley, limits of its cultivation, 
381. 

Barrmul, height of, 220. 

^UTTwr-reef, 87. 

Basalt, 113 ; of Scotland and 
Ireland, 164 ; Great Mysore, 
plateau of, 183 ; of Patagonia, 
237 ; as a building materialf 
304. 

Basaltic colonnades, 164, 168; 
dykes in Mt. Sinai, 178. 

Basins, continental, 137, 144, 
148 ; of drainage, 140, and 
Appendix B ; coal, 329. 

Bath,\ioi springs of, 198; county, 
U. S., do. ibid. 

Batrachians, 404. 

Bay, Baffin’s, 39, 41 6 ; Hudson’s, 
46 ; of Biscay, 82. 

Beaches, sea, their characters ; in- 
land occurrence ; raised in 
terraces ; geological relations, 
103. 

Bears associated with tigers in 
Siberia, 384 ; fossil, 431. 

Bear Xi., Great, 215. 


Buchey (Capt), his observations 
on specific gravity of sea water, 
20 . 

Behring Straits, Capt. Beechey’s 
voyage to, 20 ; breadth and 
depth of, 43, 189. 

Befn Nevis, 163 ; Wyvis, ibid. 

Bermuda, climate of, 259. 

Beryl, where found, 326. 

Beth, MM., 157. 

BUin, polishing slate of, 119; 
mineral springs of, 199. 

Birds, 396 ; rapacious, 398 ; climb- 
ers, 399; singing, 400; wading, 
402 ; swimming, 403 ; distri- 
bution, 396. 

Biscay, l^y, cause of its rough 
sea, 82. 

Bismuth, in what strata found, 
308 ; its chief deposits, 3 1 9. 

Black Sea, sec Euxinc. 

Blanco, K., 197. 

Blocks, erratic, 205, 242. 

Bolca M., 437. 

Bolivia, plateau of, 144, 209 ; 
climate of, 248 ; rainless dis- 
tricts of, 274. 

Bolor, MM., 180, 182. 

Bone caverns, 4L2 ; hn'erias, 
431, 433. 

acid, 199. 

Borax, 199. 

Bore in rivers, 7 5. 

Baulders deposited by glaciers, 
205 ; in Patagonia, 237 ; for- 
mations, 113. 

Bow Medkine, MM., 3 52. 

Brahrmyutra,B.., 182 ; its floods, 
191 ; account of, 223, 226. 

Brazd, its mountains, 158, 160 ; 
rivers, 207 - 209 ; piunpas, 
238 ; gold, 314 ; gems, 325, 
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326 ; flora, 373, 374 ; laima, 
386, et seq. 

keithom, M., measured barome- 
trically by author, appendix A. 
kitairif its mountain system, 
163 ; geology, 112 ; minerals 
see Metals, Veins ; coal, 332. 
3rooke (Lieut), his deep sea 
soundings, 40, 41, 42. 

Srovm^ M., 162. 

3rou8saf hot springs at, 198. 
3ucklandf his account of the coal 
fossils, 440 ; of bone caverns, 
431. 

building materials, 299, et seq, 
3urimhy its petroleum wells, 
200 . 

19, note, 
kirn Tual, 163. 
klahar^ R., new and old, 233. 
kkareous formations, their origin, 
119. 

klifornm, 16 ; Gulf of, 68, 62. 
klms^ e(iuatorial, 62. 
hmbodia, 15 ; R., 228.* 
lamely 394 ; American, equiva- 
lents of, 426 ; fossil, ibid. 
Cameroon, M., 187. 
lantalj 125. 

knton^ R., 229 ; fall of snow at, 
27h. 

krboU) its occurr'^ace, 297. 
Oarbmic acid springs, 199. 
Carhmiferom strata, see Coal. 
Ikrbnretted hydrogen sources, 
201 . 

Caribbean Sea, 34, 46, 

CarUbadf its mineral springs, 
199. 

Carpathian MM., 173* 
Carpentaria, Gulf of, 16. 


Carpenter (Dr.), his account of 
the multipRcation of aphides 
119 ; of minute shelly forma- 
tions, 118. 

Carnivora, 390. 

Caean, height of, 220 

Cascade, MM., 153. 

Cashmr, valley of, 180. 

Caspian Sea, 122, 137. 

Cassequiare, Ei., 209. 

Cataracts of the Nile, 231; of 
the Orinoco, 210. 

Caucasus, 142, 175, 179; snow 
line, 203. 

Cautley (Capi), his discovery of 
the sivatherium, 181. 

Caverns, Caves, limestone, fre- 
quent sources of rivers, 197; 
examples of, ihid\ ice, ofl Qan- 
gutri, 197; of Chamouni, ibid. 

Cements, 301. 

Centres, local, of diffusion of 
species, 340. 

Cerealia, 381. 

Verigo, I, its osseous breccias, 
433. 

Cerium, 308. 

Cerro di Buon Tempo, M., 163. 

Cetacea, 396, 408. 

Cevennes^ MhL, 168. 

CkalJ^^ its place in geological 
senes, 113 ; fossils of, 435, 
439 ; fossil Ashes in, 437 ; 
uses, 301.. 

Chart of, 97 — ^hund^dths of the 
globe, 100. 

Chekiang, B., 229. 

Chemvari, basaltic cobnnade, 
168. 

Chepsimj rise of the tj^e at, 76. 

ChdA, Mnuntainfl of, 143. 

Chimborazo, V,, 146. 
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Chim^ rivers of, 229, tt seq,; 
monntams of, 184; plai^, 
246; magnetic variation in, 
290. 

ClSk^opamari^ 1:lie iigliest moim- 
tain in the world, 180. 

Chipicani^ V., 144. 

Chippewyafiy MM., 152, 213, 
214. 

Chlorides in sea water, 19. 

Chlorine^ 296. 

Chromium^ 308. 

Churchill^ R., 211. 

CvMhomy 371; 

Cinnamon^ 361; — itone^ 326. 

Circulation of the ocean, its 
effects, 12; how maintained, 
60. 

Clern^nt^ its volcanic cones, 
Puys, 126. 

Cleveland (Ohio), petroleum wells 
at, 200. 

Cliimtey24!l yCt seq.; insular and 
continental, 259; interior anp 
coast, 252. 

Clyde y falls of, 219. 

Coal^ its place in geological series, 
113; chief deposits of, 329, 
et seq.; quantity of in English 
coal fields, 332; measures, 
330; basins, 329; fossils, 330, 
440. •' 

Coasts, east and west, their pecu- 
liarities of configuiation, 47, 
48; indentations by harbours, 
100; their contrasts of tera- 
pemtiire, how caused, 253; 
lines altered by tides and 
currents, 105; extent of for 
each of the oohtinents, 101; 
ancienChow recogni^d, 103; 
do. in ieia, 165. 


Cohalt, 308; its great tenacity, 
ibid, note. 

Coca, 373. 

Coffee, 346, 366. 

Cold, poles of relative, 255, 257; 
regions, 253-258. 

Colima, V., 151. 

Colorado, B., 211. 

Colmr of pure water, blue, 30 ; of 

* the sea, 30, 31. 

Colvmbia, 162. 

Como, L., 278. 

Comfera, 349; fossil, 440. 

Content, solid of the earth, 5; 
of the sea, 17. 

Continental \imm, 137, 212. 

Continents, their destruction and 
renovation, 9; present confi- 
guration, 10; peculiarities of 
do., 12, 13, 16; theories of 
do., 14; eastern and western, 
43; areas and coast-lines of, 
101 . 

Copper in seawater, 19; where 
found, 308, 311, 

Coral formations, 86; chief lo- 
calities, 87 ; insects, tlieir 
habits, 88, 119; — sea, sound- 
ings in, 14. 

Corcobado, V., 143. 

C&rcorado, M., 160,' 

Cordilleras, 143-146; snrw k*v(' ! 
on the, 203 ; of ( 'ohahuelaj- 
152, 212; Grande of Biuzil, 
161, 209; Geral, 209. 

Corea, 15. 

Cmvo, M., 170. 

Cosiyuma, V., 150. 

CoUdal lines, 73, et seq. 

CotopaM,Y., 146; snow level on, 
293. 

Cotm, 351, 861, 368. 
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Coydivnhej M., 146. 

Craters j extinct, 125, see Cler- 
mont, Auvergne, etc.; so-called 
of elevation, 134. 

Crocodiles, 404. 

Cross Fell, 16J. 

Crustacea, fossil, 439. 

Cviccio, M., measured barometri- 
cally by author, appendix A. 

Cwmpleda, MM., Sierra, 187. 

Currents of the ocean; their 
abrading action, 12; charts of, 
16; set of out of Dardanelles, 
22; into Mediterranean, 25, 
26; their general causes, 51- 
53; particular traced, 54, et 
srq.; Humboldt’s, 64; Mentor 
drift, 64; Mozambique, 66, 
275. 

Cutch, Runn of, 246 

i'a:co, 149. 

UAhhadie, liis travels in Abys- 
sinia, 178. 

Dalton, 23. 

Daovrian, MM., 186, 221, 230. 

Danube, 217. 

Darien isthmus, 12, 43. 

Darwin, his account of the origin 
of species, 11, note; of the 
fonnati(m of atoUs and coral 
islands, 87. 

Dj^mbeny (Prof.), his account of 
iniiieral springs, 199. 

Davphiny, Alps of, 168. 

Davy, his account of subter^ 
rauean rivers in Camiola, 197. 

Dead Sea, 138. 

Declination, magnetic, 286; line 
of no, 290. 

Deinornis, 422, 

Deiwtkerium, 430, 484. 


Deltas, 106; of the Indus, 246; 
the Nile, 231; double of the 
Ganges and Brahmaputra, 226 ; 
the Euphrates and Tigris, 227 ; 
the Hoangho and TellovTb., 
229; Mississippi, 213. 

Deluc, his first notice of erratic 
blocks of north Germany, 242. 

Demawend, V., 127; height of, 
176, and appendix A. 

Density, mean of the earth, 5; 
M. Roche’s theory of, 7, and 
note; of sea water, 20; of 
species of animals, 390, 396. 

Deodara, 362.* 

Deodunga, see Chingopamari, 

Deposit, of the Nile, 231 ; of the 
Ganges, 106; of the Irawadi, 
228. 

Desagmdero, 144. 

Deserts, 273; of Africa, effect of 
the oscillation of the trade 
winds on, 273 ; of Syria, 
Arabia, Persia, Gobi, Shamo, 
^causes of their aridity, ibid, 
272, 

Desiccation, progressive, of cen- 
tra Africa, 232. 

Devonian formations, 113; their 
fossil fish, 437. 

Diamond, mines of, Brazilian, 
16f;Ural, l74;Golconda,etc., 
183, 325; matrix of, 324. 

DicotyUdmous plants, their ratio 
to monocotyledons, .^41. 

Dip, magnetic, 286; line of no, 

2S8. 

DniepWyiLl^, 218. 

Dod9, 422. 

Dojfrms, MM., 166. 

390,' 444. 

Dcimdte, 125. 
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Dome, Puy de, M., 129, 168. 

Domite, 129. 

Don, B., 216. 

Douro, k, 217. 

D^e, Ms researclies on mean 
temperature, 252, 260, 261. * 

Dowefeld, 165. 

Drainage basins, 140, 141; of 
rivers, appendix B. 

Droitwich salt springs, 199. 

Duida, M., 159. 

Dust storms of the Pampas, 238; 
Llanos, 240; infusorial of S. 
American origin; falls of in 
Africa, 273. *• 

Dwahgahiri, M., 180 

Dwina, K., 220. 

Earth, its dimensions, figure, and 
other particulars, 5; diameter 
in British metrical miles, note 
on do. 

Earthquakes, act as renovating, 
as well as destroying ^ents,^ ; 
common in S. America, 130; 
in what other countries, 281, 
282; regions free from, 284; 
— wave propagated across the 
Pacific, 40; do. from Lisbon 
across Atlantic, 83. 

Ebro, R., 217. 

Edentata, 388, 

Egy])t, 231, 270. 

Ehrardt, his account of Lake 
Nyassi, 187. 

Ehr&nherg, his microscopic re- 
searches on fossil and infusorial 
animalcules, 42, 113, 273. 

Eisthaler Thurm,¥..,lifi. ' 

Elbe,B..,^m 

Elbrous or Elbruz, 1*75, 176, 
185. ! 


I Elephant, EUphas, 389 ; fossil, 
428; primigenius, 244. 

Emerald, 326. 

England, its mountains, 163, 
geology, etc., see Britain. 

Entraigues, basal^ of, 168. 

Eocene strata, 113; fossils of, 
421-424. 

Elevated districts not coincident 
with mountain chains in direc- 
tion, 177. 

Elevation, mean, of continents, 
1 35 ; of various mountains, etc., 
see their respective names; of 
Spain, 166; of Asia Minor, 
175; of Plateau of Thibet, 
181 ; of Valley of Cashmir, 
180; botanical zones of, 337; 
effect of, on vegetation, 249; 
on times of flowering, 339; on 
on health, 249. 

Equator, rains imder, 20, 277; 
calms under, 52 ; thunder- 
stoims under, 278 ; thennic, 
264; magnetic, 277, 288. 

Equatorial zone, plants of, 344, 
et seq. 

Erebus, M., 1 30. 

Erie, L., 213. 

Ermann, his account of volcanos 
of Kamschatka,*18C. 

Erratic blocks, 205, 242. 

Espinliuqo, Sierra de, 1 60, 1 6 V 

Establishment, what, 68. 

Estuary, 100, et seq.; of AmazoTi 
B., 109; of La Plata B., 20(5; 
of St Lawrence B., 214. 

Ethnology, 144. 

Etna, V., 124; measured barome- 
trically by the author, aj>pen- 
dix A. 

Euphrates, B., 227, 
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Eusrope, area and extent of coast, 
101 ; moimtam system of, 
162; mean elevation, 136, 
162; rivers, 216, et seq.; 
])otanical regions and flora, 
348, 349, 364-356; birds of, 
396; reptiles, 404; ^bes,414. 

Kutassa^ 377. 

EnMne Sea, 216; its specific 
gravity, 22. 

Evaporation from Mediterranean, 
23; nature of its influence on 
ocean currents, 59. 

Expailly^ basaltic columns, 168; 
sappliires at, 326. 

Fair weather, 153. 

Falkland Isles, 375. 

Fdh, see Waterfalls. 

F(ma, valley of, 1 25. 

Fuitm, subterranean, 383. 

Ferm, proportion of to other 
plants, 342; fossil, 440. 

FiWies, 406-415; food of, 407; 
of prey, 409; of cold water 
preferable as food, 410; colo- 
ration of, 411; fossil, 437; 
Agassiz’s classification of, 437. 

Flov, ice, see lee Floe, 

Flora, see Plants, Regions, Zones. 

Florence, climate, 259. 

FUrida, 15. 

Floris, its volcanoes, 127, 130. 

Flowering of plants; its depen- 
dence on tempemture, 338. 

Foci of relative heat and cold, 
253, 254, 255, 257. 

Forhes (Prof. E.), his homozoic 
zones, 344; zones of marine 
vegetation, 380; of marine 
inollusca, 417, 

internal, tending to elevate 


the continents, 9; upheaving, 
indications of their action, 185. 

Forests, submarine, 442; effect 
of clearance on climate|p270. 

Formations, geological, 109 ; 
groups of, 113. 

Fossils, 420, et seq.j teeth of 
elephants in Siberia, 244. 

France, indications of its surface 
being tide-washed, 104; cli- 
mate of, in some parts deterio- 
rated by clearing woods, 270. 

Fredonia, natural coal-gas issu- 
ing from earth at, 201. 

Friction of glaciers on rocks, 
traces of, 205. 

Friendly, IL, climate of, 259. 

Fructification of plants; influence 
of climate in accelerating; 
table of, for wheat, 339. 

Fruits, the chief; where indige- 
nous, 345-347. 

Fuci, 379. 

yFundy, tides in Bay of, 76. 

Fura, MM., 187. 

Ganges, R., its source, 180; 
quantity of material carried 
down by, 107 ; its floods, 191 ; 
slope and velocity, 196; 
account of, 223, 225. 

Garnet, 326. 

Gas, coal, issuing from earth, 

202 . 

Gaseous substances, 29^. 

Gata, MM., 66. 

Gavamie, cascade of, 219. 

Qms, 324, et seq. 

Smera of plants, 340; of animals, 
Z^%, et seq, 

Geneva, L., its intense blue colour, 
30. 
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tive, 2; phpical, 3. 

Owl/ogy^ 9f et teq,; 107 » et teg.; 
foetQ, 420 , et teg. 

Oeyterty 198, 443. 

QhmU^ 183 . 

(Hantt Cautemy^ 164, 

Gibraltar^ its bone breccias, 433. 

CHbtony his account of a great 
waterM, 211. 

Oigantk trees (see Trees); fossils, 
430, 431, 436, 436, 442. 

Oihmy R, 222. 

Qlaciert of Polar Regions, 96, 
97; often sources* of rivers, 
197; abrading and transport- 
ing power, 205; marks left on 
rocks by, 205; theory, 242. 

Globe y temperature of interior, 6; 
division into aquatic and 
terrene hemispheres, 13; into 
relative hot and cold regions, 
253; into magnetic regions, 
287, 289, 290; mean summer j 
and winter temperature of 
hemispheres, 260. 

Glockner, M., 168. 

Ghmmny R., falls of, 219. 

Glyptodmy 238, 429. 

GumtSy its place in geological 
series, 113. 
desert, 177, 185, 272. 

Qodamyy R., 223. 

Golconday 183. 

Qoldy its geological gitementy 
308; deposits, aud native 
masses of, 314. 

Gorillay 386. 

GraunpicmSy MM., 163, 164. " 

Qfaniki its place in geological 
series, 113; geographical distri- 
bution, 114; dykes in South 


AMo% 1B7; foEmation and 
plateaui in do., tW; how 
qnanied in large blocks, 299. 

Qrm Ohm desert, 207, 208, 
209 , 306 . 

Gtan Sam dUtalia^ see Como. 

Grapetf 346. 

Graumck, fossils of, 440. 

Great Beaty L, 215. 

GredOy Sierra de, 166. 

Greecey 169, 192. 

Oreeriy MM., 165. 

Greeidandy 16; rarity of thunder 
in, 279; immunity from earth- 
quakes? 284. 

GremhUy Alps, 168. 

Gulf of California, 121; Cam- 
bay, 183 ; Guinea, 233 ; Florida, 
241; Mexico, 54, 61. 

Gulf Stream, its influence on tlu; 
form of America, 12; course, 
breadth, etc. of, 54; great edily 
’ of, 56; cause of cyclones, 2«0. 

€hdf weed, see Sargasso. 

Guadarama, Sierra de, 1(56. 

Gualatien) V., 144. 

Gypsum, 305. 

IloemuSy 169. 

Hall (Ca 2 >t.), his explanation (d 
the equatorial calms, 52. 

Halley sdt springs at, 199. 

Halley on the evaporation of the* 
Mediterranean, 23. 

Harbours-Bar, 106. 

Harhmrsy their requisites, 162. 

Hafdangar, M., 1 65. 

Harrowgate, sulphureous sprini.'.'^ 
at, 199. 

Hawkesbwyy R., 234. 

Head (Capt), Ids gallop over tlic 
Pampas, 238. 
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Hiod of water, a supposed cause 
of cunenili, 60. 

Heaty internal of the globe, 6, 7; 
of the sea, where greatest, 46; 
of the two hemispheres, 253. 

Heifjht of mountains, appendix 
A; of American kloBS, 214; 
of several Russian towns, -220; 
of plateaus, see Plateaus; of 
mountain passes, 120; of per- 
petual snow, 203. 

Ilernisplimsy aquatic and terrene, 
13; north and south magnetic, 
287, 289 ; east and west, do., 
290; northern receives most 
rain, 196. 

Hercyniany MM., 173. 

IhUromrcal fishes, 437. 

JfimaJayaSy MM., 142; their 
course and high summits, 180; 
junction with Kuen Lun, MM., 
181; snow level, 203; limit 
of wheat cultivation on, 381. 

Jlindostan, plain of, 246. 

Iluidurkohy MM., 142, 179, 180; 
snow level on, 203- 

Hoang-hoj R., 229. 

Homvcercal fishes, 437i 

Hooghlyy R., its bore, 75. 

Hooker y M., 152. 

Ilong-kiang^ R., 229. 

IloorUy Cape, 45, G4, 79. 

IfopkinSy Ms theory of dislocation 
of strata, 156. 

y/(;r^6, M,, 178. 

Jforner (L., Esq.), his acedunt of 
excavations ill the soil of Egypt, 
231. 

Jloms, 382, 389. 

Hot and cold regions (relative) of 
the globe, 262, et aeq, 

Hotcheouy V., 127, 186. 


Ids observatlonB of e 
poratioiij 23. 

Hvdamy R., 166; Bay, 46, 287. 

Hwmholdty his account of a fresh 
submarine spring, 2^; enu- 
meration of volcanoes, 128; 
estimate of mean elevation of 
continents, 135; do. of the 
Andes, 149; account of Gau- 
cheros caverns, 197; table of 
snow levels, 203; account of 
cataracts of the Orinoco, 210; 
of the Llanos, 240; zones of 
vegetation, 344, electrical eels, 
415. 

HumhoWs current 256. 

Humidity y 265. 

Hv/rricane8y 280. 

Hydrogeffiy 296. 

Iberian mountain system, 165. 

IcBy polar effects of its melting, 
28 ; causes preventing its con- 
tinual accretion, 43; freshness 
of water from, 90; pack, fidd, 
and floe, 92, 94, 97; quan- 
tity of, 93; cliff in Southern 
Ocean, 97. 

IcecaveSy 197. . 

Icebergs of Southern Ocean, 65, 
94; of Polar Seas, 90; general 
description of, 92, 95; act as 
transporters of rocks andfossils, 
96; their grinding power, 205. 

Icelandy its flora Setmdinavian, 
340. ' . 

Igneous rocks, their geological* 
distribution, 114, 133. 

^mnodony 435. 

Indiay its mountains Jl 80, et seq. \ 
rivers, 223, t% wy.; plains, 246 ; 
upper, its earthquakes, 281. 
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Jndigirhii R, 220. 

Indut, R, 223; floods of, 191; 
account of, 224 ; valley, of, 
246; earthquakes of, 281. 

[meet iemtion as a source of 
rock formation, 119; of ocean 
currents, insignificant, 65. 

Inmlar and continental climates, 
259. 

IrUensityy magnetic, 286; line 
of minimum, 289; points of 
maTrim um , ibid.; laws of its 
variation, 291. 

Inundations in Morayshire, 189; 
of the Nile, 190, 231; of the 
Amazon R, 193; the Ehone, 
189; the Ganges, 225; Brah- 
maputra, 226. 

Jpaduj 373. 

Irawadiy 228; petroleum wells 
on, 200; quantity of material 
carried down hy, 106. 

Ireland^ its flora allied to that 
of Spain, 340. 

Iridium^ 317. 

Irkutsk, 263. 

Iron, distribution and mines of, 
307; meteoric, 306, 

Irtisck, K,, 220. 

Isahnormal lines, 251. 

Isldnds of sulphur, 335; of salt, 
327; Seychelles, 336; St. He- 
lena, 74, 342 ; Ascension, 342 ; 
Otaheite, 342; Asiatic, their 
flora, 363, 364 ; Sandwich, 78 ; 
Friendly, etc., 366. 

Isoclinal lines, 286, et seq. 

hodymmic lines, 286, 289. < 

Isogoml lin^s, 286, 289. 

Isotkeral and Isocheimonal lines, 
250. 


ci its course. 

Itaeohme, 160. ' 

Itacdumite, Aid. 

Italy ^ rivewof, 193; mountains, 
see Apennines, Vesuvius ; 
thunderstonns of, 279. 

ItamJbe, M. 160. 

Jztadhmtl, V., 151. 

Japan, great earthquake in, 40, 
281; volcanoes of, 130. 

JaujeaCy basalts of, 168. 

Java, volcanoes of, 127, 130; 
earthquakes, 281. 

Joliba, R., 223. 

Jordan, R, its former course, 
138. 

Johnston (Keith), his physictil 
atlas, 142, 445. 

Jumnotri, 180, 224, 225; hot 
springs at, 198. 

Kammherg, 187. 

Kamchatka, 15; its volcanoes, 
186; snow level in, 203. 

Kane (Dt), his soundings in 
Baflins Bay, 39; account of the 
Mary Mintum, R, 43, note; 
finds open sea iq 81® 22' N. 
lat., 91. 

Kangaroo, 387 ; foPsi,l, 422. 

Karanw, L., 186. 

Kasleck, M., 176. 

Katahdin, M., 165. 

Kenia, M., 187. 

KmterKkan, MM., 186, 220, 

Keuper, 113. 

Kharesm, desert of," 185, 243. 

Khasyah, MM., 182, 183, 226. 

Khyher Pass, 179. 

Khymore, MM., 183, 224. 

Kimghan, MM., 186, 230. 



INDEX. 


429 


KiUorney^ inteimittent springs at, 

202 . 

Kilimanjaro^ M., 187. 

Kinchinjun^ay M., 180. 

King (Capt.), his obsemtions of 
specific gravity of sea water, 
20 . 

Kingan-Oulahy MM., 184. 

Kingman (Capt.), his observations 
of phosphorescent sea, 31. 

KioleUy MM., 165. 

Kirauiay V., 124. 

Kistnaj R., 223. 

Klieut8chew8kyN.y 186. 

Kolymay R., 220. 

Aom, M., 168. 

Kongy MM., 187, 233. 

Koniatofski KameUy M., 174. 

Komtantimw KameUy M., 174. 

KfisckimkOy M., 188. 

Krapffy his African exploration, 
187. 

KrebetSy 186. 

Kwy, Imu, mm., 142, 179, 180, 
181, 184, 222. 

Kurile, IL, volcanoes of, 127. 

Labyrinthodony 435. 

Lachehy Pass of, 225. 

LtichoWy L, consists of bones of 
fossil elephants, 244. 

Ladaky 224. 

Ladoga, L., 139, 222. 

Jjfidrone, IL, volcanoes of, 127. 

Lagime, in coral islands, 87 ; of 
Tuscany, 199. 

Laibach, R., its singular course, 
197. 

Aa/'cs, 137 ; with two or more 
outiets, ibid; salt, ibid; of 
Swit7.erland,Oumberland,Scot- 
land, 139 ; Mistassin, 155 ; 


Reww and Manasaiowar, 180» 
224 ; Nyassic, Uniamesi, 187 ; 
of Zirknitz, 202; Athaba^, 
Winnepeg, Great Bear, Slave, 
215 ; equalize the su|^ly of 
rivers, 193. 

Land, distribution of its great 
masses, 3 ; lobes of, 12; un- 
equal amount in north and 
south hemispheres, 13 ; total 
area of, in square miles, 17 ; 
coast lines, etc., 100, et aeq.; 
geological relations, 1 iflytUeq.; 
northern and southern masses 
of what, 262. 

•Langmge, 444. 

Lead, in what strata found, 308; 
principal mines of, 311, 313. 

Leake, his account of a fresh sub- 
marine spring, 27. 

Lena, R., 220, 221, 229 ; sources 
of, 186. 

Level of the sea, how preserved, 
8 ; of the land, do., 9 ; lines, 

• submarine, 34, et seq.; sub- 
aerial, 136 ; low, of the Cas- 
pian and Dead Sea, 137 ; of 

; lakes, 148, 214. 

Liamhiy R., 232. 

Liamhesiy R., 282. 

Lias, its place in geological series, 
1^3; fossils of, 435, 439, 440. 

Lila, R., 232. 

Idgntte, 441. ' 

Lime, Liimatone, carboniferous, 
mountain, magnesian, jura, 
nummulitic, etc., their places 
in geological series, 113; a 
•source of springs and rivers, 
197 ; use in building, 301. 

Lines bf level, 3^* 136; of 
waterschedW river drainage. 
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41 ; isometeorio, 250 ; iflO> 
magnetic, 286, et teq. 

Limy 390. 

Lisbon, earthquake of, 83. 

LmiH^stone (Dr.), his African ex- 
plorations, 187, 195 ; liis ac- 
count of the interior African 
river system, 232. 

Lizards, 404. 

Llanos, 240. 

LUbecan, M., 143. 

Lob or Loph, L., 222. 

Locusts, 418. 

Lomnitz, M., iVs. 

Loomis (Prof.), his account of the 
distribution of the aurora in* 
arctic regions, 100 a. 

Lmskehir, MM., 178. 

Lmmhesi, K, 232. 

Lunehurg, salt springs of, 199. 

Lupata, MM., 187. 

Lyell (Sir C.), his subdivision of 
the tertiary formation, 113; 
account of eruption of the 
Skaptar Jokul, 126. * 

Maanelvan, R., Falls of, 219. 

Machairodon, 238, 434. 

Machenzie, R., 211, 216. 

Madeira, R., 209 ; L, arrival of 
an earthquake wave at, 83. 

Maelstrom, 71. 

Magnesia, 297. 

Magnesian limestone, 113. 

Magnetism, teirestrial, 285, et 
seq. 

Maize, where cultivable, 381. 

Malachite, 311. 

Maladetta, M., 160. 

Mahhite, M., 166. 

Malagan peninsula, 1 5. 

Mahre Cylinder, M., 166. 


Mahea, plateau of, 223, 225. 

Mammalia, 386, et seq.; fossil, 

423. 

Man, 11, 444. 

Manasarowar, L, 180, 181. 

Manganese, in what strata found, 
300 ; uses and chief deposits, 
321. 

Manis, 388. 

Maragnon, R., 209. 

Marble, the best, where obtained, 
300. 

Marine vegetation, 379. 

Marsupials, 387 j fossil, 423, 

424. 

Martaban, R., 228. 

Mastodon, 422, 424, 428. 

Maury (Lieut.), his physical geo- 
graphy of the sea, 16 ; dyna- 
mics of the gulf stremii dis- 
cussed, b1,et seq.; wind and 
current charts, 16. 

Maxengo, Sierra de, 187. 

Mediterranean, 17 ; questif^i ms 
to its evaporation and supply, 
23; itsurea,?7n’(/; river supply, 
24, 25 ; d(‘pth and submarine 
levels, 38 ; bone beds of ite 
coast, 433. 

Megahmyx, 429. 

Megalosaurus, 435. , 

Megatherium, 238, 42.0. 

Meiocem strata, 113 ; fossils 
421, 424. 

Meking, R., 228. 

Memphis, borings at, 231. 

Menam, R., 228. 

Mercury, ite geological localilioH, 
308 ; geographical do., 320 . 

Mesozoic group of rocks, 113. 

Metals, 306, et seq. 

Metamorphk rocks, thi-ir pl.u-. s 
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in geological series, 113 ; dis- 
tribution, 116. 

Metemc iron, 306. 

Metrical miles, 6, note. 

Mexico^ Gulf of, its excavation, 
12 ; height of plateau of, 152, 
volcanoes of, 161. 

^fica slate, its place in geological 
series, 113; uses, 304. 

Migration of vegetable species, 
340. 

Millet y where cultivable, 356, 
381. 

MhuhrCy R, its immunity from 
earthquake^oncluded, 284. 

Mime OeraeSy its mines, 161, 
208. 

Minchinrmdavay V., 143. 

Minerals y 306, eeq, 

Miosvatriy L., 219. 

R, 211, 213; quan- 
tity of material brought down 
by, 106; delta and falls of 
213; earthquakes, 283. 

Missouriy R, 213 

Muderuiy petroleum and naphtha 
spring near, 200. 

Moisturey distribution of, 265, et 
seq,; gene ”01 law of its mean 
aiiioimt, ibid. 

MoUuecay source whence their 
sliolls are derived, 19; instru- 
mental in forming calcareous 
strata, 298 ; marine, their 
distribution, 416; fossil, 438. 

Mvlghdasiiumy 308. 

MonkegSy 386^ 

.Ifojisoorw, their effects on the 
currents of Indian Ocean, 66. 

Mont BlanCy M. 168; D’or, 198; 
hot baths of, 198. 

Monte RoMy M., 2 1 9. 


Mo7ite$ Pjrreneos of Brazil, 161. 

Moony acts magnetically on the 
eai^, 294. 

MorainCy 205. 

Moicc/iDy height of, 220. 

Moioeawruiy 435. 

MoiBy peat, see Peat. 

Movntain limestone, see Lime- 
attme. 

, MountainSy their general distribu- 
tion, 142, et seq.; ‘chains 
differently directed in new 
and old worlds, 142, et seq.; 
great chains of, 142; of various 
countries* (see names of do.) 

Mowm Roay 124. 

Miih'y (Dr.), his Klimatologische- 
Untersuchungen, 249. 

Mullhageuy M., 166. 

Murchison (Sir R.), his classifica- 
tion of rocks, 113. 

MylodoUy 238, 429. 

MyswCy table land of, 183. 

Namur y flames issuing from earth 
near, 201. 

Nandadeviy 180. 

NegrOy R, 209. 

NegroeSy 444. 

Nerhudday 223; valley of, 183. 

Net^Uy 166. 

Nevay R, 222. 

NexUy their origin, 127. 

^Ngamiy L., 137. 

Nmgaray 213, 214. 

Nicaraguay mountains >of, 150. 
geological habitats, 308; 
geographical do. 319; its pro- 
•perty of preserving iron from 
rust. 320. 

Nicojack caves, 197. 

Nigety R., 223. 
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NiU, R., freshens sea, 21 ; annual 
delivery of materials to sea, 
24; do. per second; inunda- 
tion| of, 190; slope and 
valley, 196; account of, 331; 
blue — ^white, ihid, 

M., IB3. 

pan of, foBsil lemams 

NoUikmum, 424. 

NimrnuUtef 113, 118. 

N^auiy L., 137, 187. 

Odt, R., 220; its sources, 186. 
Oesan, equilibrium of, 8; alter- 
nate elevations and depressjcHis 
of its bed, 9; Arctic, 39, 45, 
91, e( its bii^, 397; 
Indian, deep soundings in, 41 ; 
its boundaries, 44; Southern, 
45; Antarctic, what, 45; cur- 
rents of, see Currents. 

OchoUk, sea of, 255, 290. 

Oder, R., 218. 

Ohio, R., 213. 

Olympus, M., in Thessaly, 169; 

in Asia Minor, appendix A. 
Onega, L., 139, 222. 

Ontario, L., 213. 

Oolite, place in geological series, 
113; fossilsof, 423, 439,440; 
fishes of, 437. 

Opossum, 387; fossil, 434, 
Opyomis, 422. 

Orange, E., 192, 

Oreo, R., cascade of, 219. 

Oregon, plateau, 154. 

Organic remains, see Fossih. 
Organos, M,, 161. 

Orgues d’ E^spailly^ 168. ^ 
Orinoco, R., 201, 210; falls of, 
210. 


Orizaba, V., 161. 

Ormis, I., 327 

Osmium, 317. 

Ostrich, 402. 

Otdheite, its large proportion of 
ferns, 342. 

OwsU, of isabnormal deviation 
of temperature, 254; magnetic, 
290. 

Owjfhu^ vohwapes in, 124 

0x^fgm,2l99, 

Pat^ydermesta, 389. 

Paeijk Ocem, specific gravity of 
water in, 20; % mean depth, 
40; deepeat soundings 'm,ihid.; 
euxients of, 62, 63; tides, 78; 
slow subsidence of its bed, 87, 
132; coral foruiations, 87, 88; 
absence of icebergs in K, 94; 
bordered by a coast line of 
volcanoes, 130; ovals of rela- 
tive heat and cold in, 255. 

Paderhom, intermittent springs 
of, 202. 

Palaeozoic rocks, lower and upjx-r, 
their places in geological series, 
113. 

Palladium, 347. 

Palms, S45. 

Pampas, 235, ct scq.; of Pula- 
gonia, 237, 274; of Brazil 
and Buenos Ayres, 23^^; 

La Plata; 336; fos.siLs of, 422. 

Pamperos of Buenos Ayres, 23>^. 

Panama, isthmus, 147. 

Paraguay, R., 207 

Parana, R., 206. 

Paranathyba, R., 207, 208. 

Parim^, mountains of, 159. 

Parish, Sir Woodbine, bis account 
of Brazilian native iron. 300. 
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Parmrfj petroleum and naphtha 
near, 200. 

Pasco y knot of, 144, 150. 

Patatfoniaj its rivers, 206; pam- 
pas and deserts, 238. 

Peak^ Long’s, Pike’s, 162; of 
Tencrifl’e, 337; Fremonts, 162; 
of Derbyshire, 197. 

PearlSf 417; fishery, 178,'" 

Peat mosses, 189; fo^ of,'49S. 
MM., 184, 229b 

Peninsulas^ their general meri- 
dional tendency, 15. 

Pentacrinites, 439. 

Permy height of above sea, 220. 

Permian formations, 113. 

Ptrsiay desert of, 273. 

Pft’Uy Coixiilleras and Andes of, 
144; rainless districts of, 274; 
silver mines of, 315. 

V., 137, 186. 

Pdrohuhi spiinga and wells, 
20 (». 

Phanoffamovs plants, distribution 
of, 341, 342; proportion of 
to crj’ptogamous ill Europe 
and America, 369. 

Pki.ladeljJiuiy 259. 

Phosphoresceme of sea, Ql, 32; 
singular phenomenon of, 33; 
reused ljy*8ea insects, 407. 

Pit hincay V., 145. 

Pwrre. BoitCy 284. 

Pidra Mahiy 201 . 

PUcomayOy B., 207, 338. 

PinduSy M., 169. 

Pinesy Califoiaian, 368; Euro- 
pean, 161 ; — harrenSy 241. 

Piod'y height of above sea level, 
220 . 

Pity bottomless, 41. * 

Pitchy Lake of, in Trinidad, 200. 


PlainSy 235; of South America, 

237, 240; of Noith, '186, 
241 ; great northern of old 
continent, 186, 242; Sarma- 
tian, 243; Siberian, isff, 243; 
Chinese, 245. 

Plants common to Europe and 
N. America, 340; total num- 
ber of known species^ 341; 
proportion of the great faxni- 
lies of in differimt parts Of Hie 
world, ibid; of phaenogamous 
to cryptogamous, 342; fossils, 
440, et seq. 

Platay La, R., 207; pampas of, 

238. 

Platem of Armenia and Asia 
Minor, 176-177, 227; Af- 
ghanistan, Arabia, 177; Abys- 
sinia and Ethiopia, 178; 
Auvergne (volcanic), and Vi- 
varais, 168; of Bushman flats, 
187; BoUvia, 137, 144, 209; 
Deccan, 183; Dzungharia and 
Mongolia, 186; Iran, 179; 
Malwa, 183, 223, 226; Mexi- 
co, 152; Oregon, 154; Parime, 
159; Pamir, 222; Spain, 166; 
Upper India, 183; Upper 
Tartary, 185; Thibet, 177, 
lAl; Persia, 177. 

Platinay in what strata found, 
308 ; principal gisement of, 
316,317; great pepite of, 3 1 6. 

PleioceM formations,^ 113; fossils 
of, 421, 423-428, 434. 

Pleistocem and post do., 113, 
422-424. 

Ptomh de Cantal, 168. 

POy R., SI 7. 

Polandy lakes, swamps, and 
plains of, 139. 
u 



m imm. 


Poker aeas, piienoiim < 90, 
Mf 4 of wAf 

b. ': ^ ■ 

Pokef magsetio, 288; of wd- 
mm itttenai^, S89; of fdlft- 
Ur»h09ta3ttdcQldfS6$tetsejr.^ 
date, 119, 

Popotm^X, 15L 
Poretflam daj, 398. 

Porphyry, its place in geolo^usil 
aeiies, 113. 

Porter (Capt),hiB obeemtions on 
the spedfie gravity of sea water, 
90. 

Potaaa, Potamum,»ii& relative 
abundances, 297. 

Porato6, where indigenons, 374. 

Potoei, 114, 115. 

Poyano Ruska, M., 173. 

Prague, dimate of, 259. 

Prairiee, 235, 241. 

Pressure in the interior of the 
earth, 5, 6. 

PromrUories, 140. 

Pteroda4}tyl, 435. 

Punjab, 224. 

Purace, V., 146. 

Puys of Clermont and Auvergne, 
125, 129. 

Pyrenees, 142, 166, 217. 

Pyrosoma, 32. 

Qwukumana, 386. 

Quarts, 113, 

QueteUt, his law of the flowering 
time of plants, 338, 339. 

Quinine, 371, 

Quito, 149. 

Quoira, E., 223. 

Quotlambi,*UK,, 187 

Ram, fall at Falennoand over 


IfediMWiaaBi 93; avonige 
over th^ i^bo, 966; between 
tPopioif etounstances 

HfUdk dotenitine its amount, 
967-970$ average in En^d 
and Seotkod, 968; in elevated 
regions, 967; periodical, 269; 
inflnence of dearing forests on, 
970. 

Ramlm districts, 971-274. 

Rainy seasons, 277. 

Raft of Atcbe&laya, 106. 

Rhakas L, 180. 

Rehmann, African exploration of, 
187. 

Red Sea, 18; saltness and eva- 
poration of, 26 ; coloured 
matter thrown up by, 31. 

Reefs, coral, 87. 

Regions of abnormal beat ami 
cold, 252; their limits and 
general causes, 253; botanical, 
of Schouw, 353, 354, 378. 

Regnault, analysis of sea water, 
29. 

Begni€r,M,, 170. 

Refraction, atmospheric, in polar 
regions, 98. 

Reptiles, 404. • 

Rewan, L., 180, 181, 224. 

Rhamgur, MM., 183. 

Rhine, B., 217; its falls, 219. 

Rhinoceros, 389; fossil, 427. 

Rhodium, 317. 

Rhodope M., 169. 

Rhone, R,, 217; its floods, 189; 
slope and velocity, 196. 

Rice, where cultivated, 356, 381. 

Rio de la Plata, 207; Grande, 
207; da Para, 209; Negro, 
209; Colorado, 237; Grande 
del Norte, 211, 284. 



Fomn watocfii]^ 

Rimiy tbeir ootdffes 
levd lines ai an^, 
137; list of leogthaandaxeas 
drained by, appendix B ; 
courses, 141; g^ieral sources 
of supply, 189, 196; periodi- 
cal rise and fall of, 190, 191; 
courses and slopes of, 195; 
velocities of, 196 ; subter- 
ranean, 197; European, 216; 
Mary Mintum, 43, note; of 
India, 223; of S. W. Asia, 
227; of N. America, 206; of 
S. do., 211, et ieq, 

Roche, M., on density of the in- 
terior of the globe, 5, 6. 

Rocks, igneous, newer than the 
strata they disturb, 111; 
metamorphic Silurian devo- 
nian, etc., 113; crystalline, 
the origin of all the rest, 
298. 

Rock-mltf 327. 

Rocky Mountains, see Chippe- 
wyan. 

Roraima, M., 159. 

Ruby, 326. 

Ruminantia, 394. 

Runn of Cutch, 246. 

Rusc/ienberyer on specific gravity 
of sea water, 20. 

Sacramento, R., 211. 

Sahama, V., 144. 

Sahara desert, 187; cause of its 
aridity, 278. 

St, Amand, sulphureous springs 
at, 199. 

St. Elias, M., 130, 163. 

St. Eelena 1, climate of, 259; 
cryptogamouB plants of, 342. 


E, 193, 21 A 
238. 

243 . 

dblt, ol^ deposits of, 3 A. 

Saknm id sea, 20*; of Mediter- 
ranean, 25. 

SaU lakes, 137, 154, 175; 
springs, 199. 

dbktm, E, 228. 

San Franiuco, R, 160. 

Sancy, Puy de, M., 168. 

Sandstone, red, old and new, 
113. 

Sandvnch, H., the tides at, 78. 

Sanpi, R, 225. 

Sapphire, 326. 

Sarapa, R, 197. 

Saremy, Puy de, M., 129, 168. 

Sargasso, 56. 

Sarmatian plain, 243; mountain 
system, 162. 

Sarmiento, M., 143. 

, Saskatchewan, R, 211, 215., 

Sasso, gran d’ltalia, see Como. 

Satpore, MM., 183. 

Sawrians, 404. 

Savannahe, 235. 

Scandimvia, 15, mountain sys- 
tem of, 166. 

Scagaores, 398, 399. 

SchaJ^hattsen, fall of, 219. 

Schist, its place in geological series, 
113. 

SchneehUtten, M., 1^5. 

Sekouw, hk botanical regions, 
353. 

Scorpions, 418; fossil, 443. 

SSotland, its mountains, 1 63, 1 1 4, 
116.; lakes ancL waterfedls, 
119, 139; coal fields, 332; 
andient sea-beaches, 103. 
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its extent in eqnaie inllea, 
balk and ve^bt in 

jfoMm epecifle gravity, 
10,^0 ; cblont, 30, 31 } local 
discolaiation, 31 ; B^,Tdlo)ar, 
etc., aee Bed Sea, TcBCfir do ; 
soundings and submarine level 
lines, 34-38; Mediterranean, 
Ochotsk, Baltic, Dead, etc. (see 
those heads), bottom, of what 
consisting, 42; subdivisions of, 
43; heat of, where greater, 
46; temperature in general, 
49; maximum do., line of, 
traced, 49; less variable than 
on land, 60; Caribbean scoured 
by the gulf stream, 64; sub- 
sidence of bottom of, how 
proved; beaches, 103; arctic 
open in summer, 91. 

Secondary geological formations, 
117. 

Seger^ MM., 178. 

Selenga, B., 220. 

Serpents, 404; fossil, 436. 

Serpentine, 113. 

Severn, B., its high tides and bore, 
75. 

Seychelles, II., 336. 

Sham, desert of, 177, 185, ?72. 

Sharahtagh, M., 169. 

Sharks, 409, 

Shells, fossil, 420, 438. 

Siberia, 243, 244. 

Sienite, 113, 

Sierras, E 8 pinba 5 o, Pedade, Frios, 
Gran Mogol, Almas, Cbapada, 
Muribeca, 159; Guadaranfa, 
Gredo, Nevada of Spa^n, Es- 
trella, 166; Maxengo, Cum- 
pleda, Leone, 187; Arapares, 


iCSalJumo, Ammnbahi, Bitoanos, 
- 107," Nevada of Sta. 

147; MatlicaiPacaiaiino, Aca- 

iay,TOpttfifel6?;^ 

162 ; Nevm of Cslifomia, 
153; Patim4,H(dgualida, 169; 
Tiiirica, Tabatinga, Goxgneha, 
dos Iri]^, Matta da Corda, 
208 ; de lo Mimbre, 212. 
its relative abundance, 

297. 

SiUciJUd plants, 443. 

Silvas of the Amazons, 193, 
239. 

Silver in sea-water, 19; geolo- 
gical habitat of, 308; minims, 
144, 149, 315 ; gi*eat mass of 
native, 315. 

Silurian formations, 113; fossil 
fishes of, 437. 

Sinai, M., 178. 

Sir or Syr, K., 222. 

Sivalik, OT., 181, 430, 4.34. 

Sivatherium, 181. 

Skaptar Jokul, V., its great erup- 
tion, 126. 

Skeletons, human, theii' occur- 
rence in bone caverns, 432. 

Slate quanies, 302, 303; mica, 
see Mica Slate. 

Slaty structure, 302; 

Slave, L., 215, 

Slopes of rivers and jdain.s, 1 9.3, 
195, 234, 432; of Obi, 2:>0; 
Ganges, 196, 246; Kliono, 
196; of Mississippi, 2J3 ; 
Thames, 196; Amazon, 193. 

Smith (Wm.), his discovery ol 
fossil chronology, 109. 

Snow, limits of its fall at tin* ;>ra 
level, 276. 

Snowdon, 163. 
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JSnow4ine of tlie Andes, 143; 
table of, in vaiioni xeg^QiliS, 

m ' ■■ VT\, i 

Snv^lokf24t1, \ r 

SodafiU ie!fttit6fbmidaii6e,!3^^^ 
carbonate df, where found, 100^ 

Solm^ lUfoss, 189. 

SoUmaeSf R, 270. 

SoratCf V., 144. 

Sorby^ his theoiy of slaty cleavage, 
113, 202. 

Sources of rivers, 1 93, 1 95, et seq.\ 
of Ganges, 197, 246; Obi, 
220; Arve, 197. 

Smtk Georgia, Somdwich, Shet- 
land, snow level <jn, 203. 

Sjmn, its rivers, 192; plateau 
and mountains of, 166. 

Species of ])lants, total number 
and distribution of, 340, 341, 
et scq.\ of animals, 385, et seg,; 
of organized beings, their suc- 
cessive appearance, 11; Dar- 
win on, ibid, note. 

Specif c gravity of ice, 90; of the 
Dead Sea, 138; of sea-water, 
20 . 

Sphere, projection of, 100, 

Spinelle, 326. 

Springs, submarine, of fresh water, 
27; general account of, 197; 
thermal, 198; mineral and 
gaseous, 199; saline, 199; of 
petroleum or naphtha, 200; 
iiitemiittent, 202. 

Staneyvoi, MM., 186. 

Stanhach, cascade, 219. 

Step-pes, 222, 2l3; thunderstorms 
of, 280. 

Stokes, M., 143. 

Storm, magnetic, 292. 

Strata, 108, et seq,, 113, 298. 


Streamrtifti 312. 

fftf^lteh‘ (Cmit), his account of 
, 108; 

$uhme^ lilies, 3^ jMh 
spr^, 2^; volcanoes, 105. 

animals, 383 ; 

rivers, 197. 

SueZf isthmus of, 43. 

SuJi^'Kh.o, 179. 

Suleiman, M., 244. 

Sulitelma, M., 165. 

Sulphur, 305. 

Sulphwretted springs, 199. 
Sumatra, its volcanoes, 124, 130, 
281. • 

Sumhawa, great volcanic eruption 
of, 126, 127, 130. 

Superior, L., level of, 214. 
Superposition of strata, order of, 
109, et seq. 

Surf on sea-beaches, how caused, 
84; at Madras, ibid, 

Sutlej, B., 180, 224. 

'Swamps of New Orleans, etc., 
241 ; of the east slope of the 
Andes, 238; of N. Eastern 
Europe, 243. 

Syria, deserts of, 273. 

Tabu of velocity of waves, 80; 
0? snow levels, 203; of levels 
of N. American lakes, 214; 
of the isotherm of 32° Fahr., 
262; of periods of sowing and 
ripening wheat, 339; of ani- 
mal genera and species, 385- 
404; of heights of monntams, 
appendix A ; of lengths, and 
basins and areas of rivers, 
appendix B. 

Tabu Momtain, 187, 336. 

2 u . 



TMot^ his estimate of tbe 
average deliveiy of water o< 
the Nile, 231. 

Tangential force detennines the 
tide^ 70. 

Tangnm, MM., 186, 220, 260. 

Tajpajoe, B., 209. 

TapaUng^ MM., 184, 229. 

Thr/aiy, upper, plateau of, 185. 

Tatra, MM., 1 73. 

Tea, where indigenouB, 360; 
Pazaguar, 373. 

Teak, 346, 361. 

Telegraph Plateau, 36. 

TeU%fnum, 308. 

Temperature of inteHor of the 
earth ; its rate of increase, etc., 6 ; 
general of surface determined 
by external causes, 7 ; of ther- 
mal springs, 198; distribu- 
tion of, 260, et seq.; mean 
formula for, 150; extremes, 
261 ; influence of on plants, 
337; decrement with eleva- 
tion, 338. 

Tenerife, Peak of, height of 
clouds on, 249; zones of vege- 
tation, 337. 

Tengrirmr, MM., 183, 185. 

Temi, fall of, 219, 300. 

Terraces, of Patagonia, 237; of 
the Chippewyaii, 241. ** 

Tertiary strata, 113; geogra- 
phical distribution, elevation 
above sea level in Chili, 
Ischia, Tibet, etc., 120, 181; 
their arrangement in America, 
121; in the Alps, 172; fossils 
of, 421, 436, 437, 441. 

Thames, its slope and velocity, 
196. 

Thmnrshan,MM,, 183,-185,222. 


Plateau of, 181, $24, 
$26; dimate of, 248. 

Tk$ee4um-t$ing, natural supply 
ofGoal-9a6ai201. 
2%tm</er-^^orf}»,th6ir distribution , 
278, et Hg,; recur at stated 
hours in certain localities, 278. 

Tiberias, L., 138. 

Tides, general account of, 66; 
proportion of solar to lunar, 
67; have the general charac- 
ter of forced oscillations, G8; 
epochal moments of, 69; heiglit 
of, in open ocean, 70, 75; 
shallow seas, 71 ; interruption 
by continents, 72; age of, 73; 
Dr. "Whewell's researclies of, 
73; of British cottsts, 77; 
neutral point of, in North Sea, 
75 ; single in certain localities, 
78; action in abrading and 
transporting materials, 1 04 ; 
indication of washing of, 104. 

Tidionte, U. S., petroleum wells 

at, 200. 

Tijlis, climate of, 259. 

Tiger, 391. 

Tigris, R, 227, 

Tw, 308; distribution and mines 
of, 311; veins m Cornwall, 
310; native {?}, 312; strcani, 
ibid. 

Titanium, 308. 

Titicaca, h., 137, 144; its iuMghl 
above sea, 148. 

Tivoli, falls of, Aiiio, 2 1 9. 

Tobolsk, height (4’, 220. 

Tocantins, R 209. * 

Tolima, V., 14G. 

Toluca, V., 151. 

Timboro, V., great <4, 

126. 



Tmgum^ peeolifffil^ tH ti4ai in 

guHof,78. 

Trade vnnde, 62; diy, 270, 27i; 
effect of their oscillation in 
Africa, 273. 

Transition series in geology, 116. 

Transport of materials by tides 
and currents, 104; by rivers, 
.106; by glaciers, 205. 

Trap, 113; formation of Scot- 
land, 164. 

Travertine, 300. 

Trees, most remarkable of the 
several botanical zones, 345- 
350; of gigantic size, 347, 
351, 358, 361, 362, 370. 

Trmsic formations, fossils of, 
435; fishes, 437. 

Trilobite, 430, 

Trinchera, La, hot water river at, 
108. 

Trinidad, pitch lake in, 200. 

Tschad, L., 137. 

Tschokindo, MM., 186, 220 , 230. 

Tsechuan, natural supply of coal- 
gas at, 201 . 

Tsieniantj, R, great bore of, 76. 

Tumefaction, fierce of, sustains 
the continents, 13. 

Twujsten, 308. 

Tutda^ V., 151. 

Tyndall (rrof.), his theory of 
slaty cleavage, 113, 202. 

rdskol, MM., 186. 

ihri Shoma, M., 178. 

Cniamesi, L., 187. 

IJragua, MM.,' 150. 

lhal, MM., 174, 223; silver and 
gold mines of, 314, 316; pla- 
tina do., 316. 

Ihal, R., 222 t 


Imilihg spring at^ 1284 
207, 

Utah, s^t lake of, 137; plateau, 
162, 164, 

Vmnos, V., 144. 

YaUai, MM., 162, 243. 

Fai%s, intersections of withlevel 
lines, 137; of Fassa, 126; the 
Nile, 231; Parana, 238; Indus, 
246 ; Mississippi, its earth- 
quakes, 283. 

Vapofar, aqueous law of its mean 
pressure, 266. 

Variatim of the magnetic ele- 
ments, solar-diumal, annu^, 
291 ; secular, 293. 

Vegetation, see Flora, Botanical 
regions, Plants ; ma^e, 379, 
380. 

Fetns, mineral, 309 ; ages of, law 
of direction of, 310. 

Velino, R, falls of, 219. 

Velocity of rivers, 196. 

VenesuelH, mountains of, 146. 

Vermjo, R, 207, 238. 

Viejo, V., 144. 

Vemvim, V., barometrical mea- 
surement of by the author, 
appendix A. 

Vignernale, M., 166. 

ViMhya, MM., 183, ^25. 

Vistula, R, 218, 243. 

FeVaraw, extinct volcanoes of, 
126, 168. 

Volcanic formations,'' U3 ; geo- 
graphical distribution of, 123 ; 
islands, 126 ; activity, line of, 
through Europe into Asia, 
127; island of Beguain, 
226! 

Volcanoes, their renovating as well 
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asdestractiye agency, 9 ; active, 
their habitual inodes of erap- 
tion, 124 ; extinct, 125 ; quan- 
tity of material ejected by, 
126 ; ^tendency of, to linear 
arrangement, 127 ; snbmarme, 
125;^ association with coast 
lines, 127, 130 ; inland, few 
and where, ibid; nnmber of, 

128 ; trachytic and domitic, 

129 of Australasia, 131 ; 
geological causes of, 132 ; of 
the Andes, 143, 144 ; extinct 
of inner Asia mark an ancient 
coast line, 185. 

Volga, E., 220, 222. ' 

Von Buck, 134. 

Vosges, MM., 168. 

Washington, M.,, 156; climate of 
dty, 259. 

Water, its increase of density 
under pressure, 5, 

Water, Sea, its composition, 19, 
29; blue colour of puA water, 
30. 

Waterfalls, the loftiest in the 
world, 211; of Niagara, 213; 
of the Zambesi, 232; Euro- 
pean, 219; of Eiukan Fossan, 

m. 

Watersched, its true etymology, 
137; lines of, ibid, 141. 

Waves-tide, 66; their nature dis- 
tinct from that of wind-waves, 
69, 70. 

Waves-Wmd, 79 ; high off Cape 
of Good Hope and Cape Hoorn, 
79; relation between velocity 
of, and depth of water, 80; 
depth to which their agiWon 
extends, 81; crossing, 82; 


earthquake, 83; their break- 
ing, 84; force of impact of, 
86 . 

406, 408. 

Wheat, dates of sowing and ripen- 
ing, 339; supposed origin and 
general account of, 381. 

Whewell (Dr.), his researches on 
the tides, 73, et seq> 

Whirlwinds, see Cyclone, Duet. 

White, MM., 155. 

Wildhad, mineral springs, 199. 

Winds, trade, 20 ; regions of, 
52; effect on ocean, see Cur- 
rents. 

Winnepeg, L, 215. 

W&rlds, old and new, their re- 
semblances and contrasts, 142. 

Wrangel, his polar expedition, 9 1 . 

Xagua, gulf of, submarine fresh 
spring in, 27. 

Xingu, E., 209. 

YahloTwi, MM., 186, 230. 

Yakutsk, its frozen soil and hot 
springs, 198 ; height of, ^20 ; 
focus of relative cold, 255 ; 
climate, 24.9, 2G3 ; centre of 
oval of west inagnelic devia- 
tion, 290. 

Tangtsekiang, E., 229. 

Yantelcs, V., 143. 

Yarn, K., 225. 

Yellow, E., 229 ; sea, 31. 

Yenesei, R, 186, 220. 

Yn Shan, hIM., 184. 

Yojoa, L., 137, 197. 

Yohamite Valley, 211, 

Yom Mack hot springs, 198. 

Yuoatdle, E.;, 209, 

YmgUng, 2S29. 
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Zagroi^ MM., 179. 

Zawhtii R, 187, 195. 

Zante^ L, petroleum springs of, 

200 . 

Zealardy New, its flora, 376. 
ZiHCj 308, 318. 

Zircon, 326. 

Zirknitz lake, springs, and cave, 
202 . 


Zofnu of elevation, botanical, > 
337; botanical of Mtade, 
232; homozoic of Forbes, 
344; of animal life, 384; of 
birds, relative density^f tbeir 
species in, 396; of reptiles, 
404; of depth of m^e 
plants, 380; of molliisca,419; 
of insects, 419. 
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